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 PART I

 THE DYNAMIC VIEWPOINT.-iMany years have elapsed since Engler
 published his famous and fundamental "Leitende Ideen," which he
 had adopted as a basis for his discussion' vof the Tertiary and Ploise

 tocene development of the vegetation of the earth. Here, in thirty-six
 concise paragraphs, he summarized the general principles; controlling

 the distribution of species and of species-groups. The first two of them
 serve as a summary for all:

 "1. Die gegenwirtige Verbreitung der Pflanzen ist nicht blos bedingt
 durch. die jetzt auf der Erde herrs-chenden klimatischen Bedingungen
 und die Bodenverhiltnisse.

 "2. Ein wahres Verstdndniss der Verbreitung der Pflanzen ist nur
 dann mbg iCh, wenn man die allmdlige Entwicklung dersielben zu
 ermitteln sucht."

 Engler was; apparently inspired to his studies -of vegetational history
 and development, at least in part, by the classic essays of Asa Gray.2','4
 His lead was followed by numerous European botanists, who, assisted

 by the co-operation of palaeont~ologists and glacial geologists, have in
 the past two decades contributed greatly to the! knowledge of the phyto-
 geographical history of central and western Europe;. Later American
 botaaiists, on the oater hliaid, neglected such lines of investigation almost
 completely and their phytogeographical activities were confined, as, is
 natural in relatively new regions, to descriptions of floras and the de-
 termination of modern distribution. It remained for Adams5'6 to
 revive developmental biogeography in America and to show that the
 distribution of a species can be satisfactorily explained only through
 the location of its origin and the nature of its subsequent migrations.

 GENERAL CONTROL OF DISTRIBUTION.-The distribution of plants,

 as shown by Engler's principles quoted above, depends, in general
 terms, on modern environment and earlier developmental history. Both

 1 Engler, Adolph. Versuch einer Entwicklungsgesc.hichte ider Pflanzenwelt, insbe-
 sondere der Florengebiete, seit der Tertiarperiode. Leipzig, 1879.

 2 Gray, Asa. The flora of Ja~pan. Scientific Papers 2: 125-141. (1859) 1889.
 3 Gray, Asa. Sequoia and its history. Scientific Papers 2: 142-173. (1872)

 1889.

 4 Gray, Asa. Forest geography and archaeology. Scientific Papers 2: 2f04-233.
 (1878) 1889.

 5 Adams, C. 'C. Southeastern United States as a center of geographical distribu-
 tion of flora an 'fauna. Biol. Bull. 3: 115-131. 1902.

 6 Adams, C. C. Postglacial origin and migrations of the life of the northeastern
 United Staltes. Journ. of Geog. 1: 303-310, 352-357. 1902.
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 THE GENERAL NATURE OF PLANT MIGRATIONS 41

 of these are intimately concerned with migration, the latter factor por-
 traying its progress. and the former its, limitation. Neither factor alone
 can account completely and satisfactorily for the present range of any
 species. This is the resultant of its range at any period in the past

 and its opportunities for subsequent migration; one exposure in the
 long film of an activity which has, been continued since the origin of
 the species,. If logs in the glacial drift show that Pinwus Strobus
 formerly existed in central Illinois and experiment proves that it can
 thrive there now, historical evidence must be used to show why it left:
 modern conditions. may show whether and why it is not returning.

 VEGETATIONAL HISTORY AND HUAIAN HISTORY.-The history of the

 vegetation of the Middle West, as !of every other portion of our con-
 tinent, is, a history of repeated migrations of diverse floristic elements,
 arriving in the region from various directions, persisting there for
 various lengths of time!, and finally retreating under the pressure of
 environmental changes which made their position not longer tenable.
 This history has been complicated by the extinction of old and the

 differentiation of new species, by the mingling of species. of originally
 different history, and by the persistence of isolated relics of.early
 migrations. In all these res~pects, vegetational history exhibits a strik-
 ing parallelism to human history. Thus Europe has witnessed during
 the last two millenniums the extinction or absorption of the early
 Iberians, the persistence of the Basques, the arrival and retreat of the
 Moors and Turks., and an enormous evolution in culture. Furthermore,
 the underlying causes of vegetational and human history are similar,
 even though the human species exhibits an exceedingly complex rela-
 tion to its environment. The geography of man has, long been recog-
 nized as merely the; present condition of his history, and the relations
 of both to natural conditions, and processes have, been well summarized.7
 Unfortunately, no such summary exists for plants,.

 OUTLINE.-It has therefore been necessary to preface this history of
 plant life in the Middle West, presented in Part IV., by a. discussion
 of the conditions and nature of plant migrations in Part II., and by a
 resume of the evidence used in determining past migrations in Part III.

 PART II. THE GENERAL NATURE OF PLANT MIGRATIONS

 A great body of literature dealing with the migration of plants has
 appeared in the last century and a half. This has been sio well sum-
 marized by Clements8 that it needs no further discussion here. Most

 7 Semple, Ellen C. Influences of geographic environment. New York, 1911.
 8 Clements, Frederic E. The development and structure of vegetation. Studies

 in the vegetation of the state III. Botannical Survey of Nebraska VII. Lincoln, 1904.
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 42 1i. A. GLEASON-VEGETATIONAL HISTORY OF MIDDLE WEST

 of it deals with the migration of individual species, and Clements'
 exposition of the whole subject is without doubt the best general treat-
 ment extant.

 INVASION, MIGRATION, EcEsIs. -Following Goeze, he considers the
 general movement of species, or associations under the term invasion,
 and recogiizes that this consists of two distinct processes. One of
 these, to which he restricts the term migration, involves merely the
 movement of the plant by means. of its reproductive bodies or vegeta-
 tive processes,. The mechanics jof such movement, the methods of seed
 dispersal or vegetative propagation, ~while exceedingly diverse, are
 already well understood and require no discussion here. The second
 process, which he terms ecesis, includes the actual establishment of the
 plant in a new location. Ecesis depends entirely upon the environ-
 mental conditions of the new location in their relation to the physio-
 logical requirements of the seedlings. The details, of these relations
 are fir most plants entirely and for all plants mostly unknown, and
 are lo be determined by the methods of experimental ecology. Migra-
 tion, in Clements' use of the term, is completely unsuccessful in the
 failure of ecesis, and. ecesis, to be effective and complete the procezs
 of invasion, must be carried to the maturity of the plant and the pro-
 duction of a second generation of disseminules. The distinction be-
 tween the two processes is fundamental, and Clements' clear analysis
 has done much to systematize the knowledge of the subject.

 The term invasion, which Clements- applies to the whole phenomenon
 of movement, is in many cases scarcely appropriate. His own defini-
 tion and the general meaning of the word both imply a movement of
 plants into an area not before occupied by them, that is,, an extension
 of their range. As, a matter of fact, the migration of plants is almost
 or quite as frequently out of an area, previously occupied as into a
 new one, and then involves, a retreat or restriction of their range, a
 result to which the term invasion can not be properly applied. The
 term migration, in the-sense of Clements., is distinctly a, process of one
 generation. Ecesis involves the development of a second generation
 of individuals, but scarcely applies to the whole population of a species.
 Yet these processes, participated in by a whole population and con-
 tinued regularly through successive generations, may lead to broad
 results far more inclusive than those chiefly considered by Clements.
 For the purposes of this article, the migration of plants is understood
 as any general movement by which the range of a species is changed.

 EFFICIENCY OF PLANT DISPERSAL.-The efficiency of plant dispersal
 is well understood. Each normal individual produces one or many
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 MIGRATION AND SUCCESSION 43

 crops of seeds or other reproductive bodies and these are dispersed
 thoroughly over the surrounding territory to an extent dependent upon
 their structure and their environment. At the margin of the present

 range of a species, whether that, margin is the boundary of an associa-
 tion in which it occurs or the general margin of its whole range, seeds

 are annually dispersed in all directions, inward through its, present
 range and outward and beyond it as well. Examples of this are well

 known and need not be cited. Except in comparatively infrequent
 cases, where the ability to produce seeds or other reproductive bodies

 is lost, the potentiality of continuous and extensive migration is con-
 stantly present. The slow rate of actual normal migration is not due
 to inefficiency of the migratory devices of the plant, nor, except as

 mentioned above, to deficient seed production, but to the inhibiting
 effect of environmental factors in the area beyond the present distri-

 bution of the species.. This, is particularly true toward the center of
 the range. Every swamp is. annually and abundantly planted with
 seeds of upland species, while the swamp plants are simultaneously
 distributed over the upland, and in neither case do any of them grow,
 except under the most unusual circumstances.9 Even at the margin
 of ;the specific range, where reduced or intermittent seed production
 might be expected, Griggs, has shown that many species are able to
 propagate themselves freely.10

 There is for each species a general limit- of distance over which its

 seeds may be dispersed. The number of seeds arriving on any area
 diminishes with increasing distance from the parent plant; in fact, for
 small distances., the number seems to vary inversely as the square: of
 the distance. Since only a small portion of the seeds germinate and
 grow to maturity, most young plants of the second generation are located
 relatively close to the parent.

 MIGRATION AND SUCCEssIoN.-Actual migration, therefore, requires
 a change in the existing environment for its inception. (The abnormal
 type of migration, due to the acquisition of new means of dispersal
 by which previous environmental barriers are crossed, is mentioned in
 a later paragraph.) A migratory advance postulates the development
 of individuals, in territory not previously occupied and requires an
 environmental change of sufficient extent not merely to permit the
 growth of the migrants, but to permit it against the competition of
 the previous inhabitants. A migratory retreat requires, a detrimental

 9 Brewster, William. Occurrence of the skunk cabbage in an unusual place.

 Rhodora 11: 63, 64. 1909.

 10 Griggs, Robert F. Observations on the behavior of some species at the edges
 of their ranges. Bull. Torrey 'Club 41: 25-49. 1914.
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 change, either in physical conditions or in their control by plant life
 or in parasites and enemies, sufficient to prevent the establishment of
 new plants in the immediate vicinity of the parent, so that the species

 disappears from the habitat with the death of existing individuals.
 Succession results when migration is so! complete and is, shared by indi-
 viduals of so many species that the nature of the' vegetation is funda-
 mentally changed. The close relation between succession and migration
 have been noted elsewhere," and the nature of the causal environmental
 changes have been discussed in detail by Clements..2 Instances are
 of course well known in which species migrate into an association and

 become an integral part of it without causing succession. Thus in
 parts of New Jersey Daucus Caroata has, entered the hemlock-maple
 forest, and in northern Michigan Rumex Acetosella has become widely
 distributed through the' asipien association. Such a. result may be
 termed taxonomic succession, as distinguished from. the ecologic sue-
 cession previously mentioned.

 RATE OF MIGRATION.-The simple, production, movement, and estab-
 lishment of reproductive bodies, constituting together the mnethod of
 migration, is not the only factor concerned in the process. The rate
 of migration depends upon one or the other of two conditions: the
 rate of environmental change and the migration-capacity of the plant.
 The latter condition may in turn bee resolved into two components; the
 mobility of the plant, depending on the structure of its migrating parts
 and its ability to utilize the necessary environmental agencies, and the
 length of its juvenile period, which must be completed before a new
 crop of disseminules is produced to continue the march. Migration-
 capacity may be formulated in general terms as mobility divided by
 length of juvenile period. Hence those plants which combine excellent

 structural devices for dispersal with a short vegetative cycle, such as
 the dandelion (Taraxacum), migrate more rapidly than others with
 less mobility, as lamb's-quarters (Chlenopodium), 'o'r with a long vege-
 tative period, as the maple (Acer), while slowest of all are those plants
 which lack both favoring features, as the oak (Qmebrc s). The actual
 rate of migration iis fixed by the slowest of the two general conditions.
 If environmental change is slow, migrating species may keep even
 with it and continually scatter their seeds forward into territory where
 they can not yet grow. If environmental change is rapid, the slower
 species may not be able to keep even with it and consequently follow

 11 Gleason, H. A. The structure and development of the plant association. Bull.
 Torrey Club 44: 463-481. 1917.

 12 Clements, Frederic E. Plant succession, an analysis of the development of
 vegetation. Carnegie Inst. Washington, Publ. 24-2. 1916.
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 THE TIMIE FACTOR AND MIGRATION 45

 at a distance far behind other more mobile forms. Thus in the slow

 extinction of a pond ?by the deposition of peat, there is no break in
 the timehcontinuity of the, contracting zones of vegetation around it,
 since mobility exceeds the rate of environmental change. But if a

 pond is drained artificially, producing in a. single year an effect similar
 to that of a century of peat formation, the more mobile species; enter

 first on ,the freshly exposed area and some years, may elapse before all
 the remainder have appeared. So also the sudden cessation of prairie

 fires on parts of the prairies led to the immediate advance of the

 forest, and the more mobile species composed the bulk of the early
 invaders. In general, migration connected with physiographic suc-

 cession keeps pace with the environmental changes., so that associations
 a-re well marked and the correlation between zonation and succession
 is prominent,. Even such a slow environmental change as, the advance

 or retreat of a continental glacier may have been too rapid for some

 species, while certainly slow enough for others. Numerous species

 were donbtless destroyed completely with the advance of the glaciers

 and others during their retreat, from inability to keep pace in their
 migration with the! changing conditions of the environment.

 The most rapid rate of migration is, found in the anthropoehorous

 species which utilize human activities for their dispersal. Such not

 only move with extreme rapidity, but by the nature of their dispersal
 are able to cross barriers quite impassable for other species. Our own
 country has been occupied during the past century by hundreds. of

 such species which have' Crossed an ocean to reach us and have spread
 hundreds of miles over the land in a very short time. Yet most of
 these same species are stopped completely by an area 'of undisturbed

 natural vegetation, which they are unable to colonize.13

 THE TIME FACTOR AND MIGRATION.-The present status. of migra-
 tion depends upon itsi rate, as discussed in the preceding paragraph,
 and on the elapsed time since migration began. The more rapidly

 moving species may be. at the limit of their present potential range; and
 wait upon further environmental change, while the slower ones may be

 far from their actual limit, although progressing toward it at their
 best speed. The condition is well illustrated in the' belts of forest

 which parallel the rivers of Kansas and Nebraska., in which, in general,
 the more mobile. species have extended farthest to the west."4 It is
 also prominent throughout the prairie region of the Middle West, where

 13 Gleaason, H. A. & F. T. MeFarliand. The inTroduced vegetation of ,the vicinity
 of Douglas Lake, AMichigan. Bull. Torrey Club 41: 511-521. 1914.

 14 Kellogg, R. S. Forest belts of western Kansas and Nebraska. U. S. Dep.
 Agr. Forest Bull. No. 66. 1905.

This content downloaded from 198.91.37.2 on Mon, 27 Jun 2016 03:10:06 UTC
All use subject to http://about.jstor.org/terms



 46 H. A. GLEASON-VEGETATIONAL HISTORY OF MIDDLE WEST

 there is a continuous movement of the moi e mobile forest species into
 the land originally occupied by prairies.

 The time factor naturally begins with the; origin of the species con-
 cerned. Those of relatively recent origin have had little time in
 which either to extend or ;to contract their original ranges. Since
 major environmental changes are usually slow in their accomplish-
 Ment, recent species have in general had also relatively little oppor-
 tunity to use their migratory abilities. Such species are therefore
 restricted more closely to the site of their origin.

 It is probably true, however, that many of our species have not
 had a single point or even a limited a~rea of origin. The; bulk of later
 Teirtiary plants, a~s far as, palaeontological evidence, indicates, are of
 genera still existing, and many of the comparatively few known species
 of Pleistocene plants are either identical with or closely similar to
 existing species. Such evidence deals especially with woody plants,
 but what is true of ,them is, doubtless true of herbaceous plants as, well.
 The distinction between such Pleistocene plants and their modern
 representatives may depend largely on a break in the record, on a
 period from which fossils are lacking. Probably if a, complete series
 of specimens were at hand, showing comprehensively the maples of the
 eastern states, for example, from the Pliocene to the present time, it
 would be seen that some: of the earlier forms, are absolutely continuous
 with ouir present species and that the slight morphological distinctions
 between them are only the result of continuous slow variation through-
 out the centuries. According to this view, many modern species had

 no localized origin and are not the offshoot of any parent,, but represent
 the mass development of a species, which, under our present taxonomic
 idea~s., came to. a stop at 'the beginning of a, break in our 'gpeoTo'gi"cal
 record of it and reappeared as a new species at the beginning sof our
 next experience with it. During the long history of such a, species,
 most of which is unknown tot us, it may have migrated repeatedly in
 various directions occupied larger or smaller area~s, been separated
 into disjunct regions and again united, or one part of its population
 exterminated, and its range as we see it today represents merely the
 present condition of this long development. We are never sure of
 the prehistoric stages in this, history, through the imperfections. in the
 fossil Xrecord, but in certain cases, we can arrive at some idea about
 them by circumstantial 'evidence.

 Such a consideration does not account for the multiplication of
 species. Whether that is caused iby mutation, natural selection, or
 hybridization, it seems certain that their perpetuation to the present
 time has depended greatly upon their ability to migrate as chanlges
 of environment demanded.
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 ADVANCING AND RETREATING MIGRATIONS 47

 SIGNIFICANCE OF THE MARGIN OF RANGE.-The margin of the range
 of a species, then, does, not, always represent the boundary of the ter-
 ritory in which the species can or will live under present conditions.
 but merely the distance which it has travelled so far in its, mareh to
 this goal. Instances are! not lacking, of course, in which this migration
 has been completed and further extensions or retractions of the range
 wait upon future climatic changes. As, one illustration, the distribu-
 tion of Pinus ponderosa along the eastern foothills of the Rocky
 Mountains may be cited, where it, has been clearly shown15 that the
 species is, now at the margin of its potential range. On a smaller

 scale, a sharply marked boundary between two associations indicates
 completed migration in that, restricted area, of the species on both sides
 of the boundary to the lifmits permitted by the present environment.

 ADVANCING AND RETREATING MIGRATIONS IN THE MIDDLE WEST.--
 Both advancing and retreating migrations are now in progress. in the
 states of the Middle West. In most cases these movements are too
 slow to come under direct observation, and reported extensions of
 ranges are generally due to incomplete or faulty early observations.
 Still the rapid spread northward of Prosopis glandulosa from Texas
 across Oklahoma into Kansas,'6 the westward migration of trees along
 the rivers of Nebraska,'4"7 and the recent discovery of young trees
 of Quercus palustris in southeastern Nebraska'8 may be cited as, in-
 stances of visible migration. In general migration is shown chiefly
 by the role of the species in succession. If, at or near the edge of its
 range, it, participates in succession as, an invading species, it is. advanc,-
 ing; if it is not able to hold its own in competition, if the associations
 of which it is a. member are regularly succeeded by others of which
 it is not, a part, a retreating migration is indicated. This, is illustrated
 in Michigan and Wisconsin by the regular succession of coniferous asso-
 ciations by deciduous forests, indicating the retreat, of the conifers and
 the advance of the deciduous trees.'9

 EFFECTS OF CHANGES IN PHYSIOLOGICAL REQUIREMENTS.-There is
 no reason why changes in the physiological requirements of a species

 15 Dodds, Gideon S., Francis Ramaley, & W'. WV. Robbins. Studies in mesa and
 foothill vegetation, I. Univ. Colorado Studies 6: no. 1, 11-49. 1908.

 16 Bray, William L. Distribution and adaptation of the vegetation of Texas. Bull.
 Univ. Texas 82. 1906.

 17 Bessey, C. E. Are the trees advancing or retreating upon the Nebraska plains?
 Science II., 10: 768-770. 1899.

 18 Pool, Raymond J. Pin oak in Nebraska. Torreya 20: 50-52, 1920.

 19 Whitford, H. N. The genotic development of the forests of northern Michigan:

 a study in physiographic ecology. Bot. Gaz. 31: 289-325. 1901.
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 48 H. A. GLEASON-VEGETATIONAL HISTORY OF MvIIDDLE WEST

 might not have the same effect as a change of environment in causing
 migration. It is well known that plant breeders have developed new
 races of cultivated plants which thrive in climates different from that

 of the original home of the ;species. Possibly the rapid spread of
 American Opuntias in parts of Australia may be, explained in this

 way. Under natural conditions, such changes in physiological require-
 ments are usually correlated with changes in structure, and the latter

 are used as a basis for taxonomic differentiation. Whenever such

 evolutionary changes appear, new areas may be opened to the new
 species and eventually occupied by them. So such genera as Entpa-

 tortium and Vernomic, originating Probably in northern South Anmerica,
 have migrated northward into the cold-temiperate zone, as evolution has
 changed their physiological requirements and morphological structure.

 So have bromeliads migrated away from the. humid tropical forests,
 entered the deserts of southern Mexico, and established themselves as
 epiphytes on the cacti;20 so have the cacti migrated out of the desert

 region, where they probably originated, and established themselves
 as epiphytes in ;the tropical forest.

 MIGRATIONS AS RELATED TO CONTINUITY OF SUITABLE HABITATS.-
 The range of every species is discontinuous. Throughout its whole area

 only particular habitats are occupied, leaving others. to different species
 and associations. In each habitat, the space is, shared with other
 associated species. These phenomena are 'in general of ecological
 rather than geographical interest, but are still of importance in their

 relation to the direction of migration. Within the habitat, so far as
 the association is continuous, even the least mobile species may migrate
 freely and ultimately attain a uniform distribution." But from one
 habitat to another, the means of dispersal must be sufficient to carry
 the species across the intervening gap, which becomes a barrier to the
 less mobile forms. During the long course of time, accidents of dis-
 persal may carry many species across a barrier, but accidents are
 probably not as efficient as frequently supposed. Mink Grove and
 Lynn Grove, two isolated areas of forest in Champaign County, Illinois,
 had large trees in them when first observed by white men nearly a
 century ago, and their age is doubtless 150 years at a minimum. Al-
 though these groves lie but a few miles from the nearest strips of forest
 along streams, in which species of Hicoria and Quercus are abundant,
 not an individual of these genera has reached them. Extensive migra-
 tions of plants, proceeding at a relatively rapid rate, therefore take

 20 MacDougal, D. T. Botanical features of North American deserts. Carnegie
 Inst. Washington, Publ. 9;9. 1908.
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 THE INTERPRETATION OF ISOLATION 49

 place along routes where suitable habitats are nearly continuous, such
 as river valleys for mesophytic species, or interfluvial uplands for
 xerophytic forms. There is every reason to believe that the post-
 glacial migration of the deciduous forests into the Middle West fol-
 lowed the river courses almost exclusively. From these earlier migra-
 tions along the' line of least resistance, a slower type of migration
 gradually extends the range out upon other habitats. This follows
 regularly the physiographic development of an area, as Cowles has
 shown,21 and may also be induced by the reaction of an association
 upon the environment in the margin of a contiguous association beyond
 it.11 So the forests of the Middle West, entering the region along the
 nearly continuous habitats of the river courses, where they migrate
 rapidly, have also spread at right angles to them, but more slowly, until
 in some cases those of different river systems have become united.

 Each important change in the climate or the configuration of the
 land, due to geological causes, has created new migration routes and
 destroyed old ones, interrupting migrations then in process and initiat-
 ing new ones, which may progress in different directions and be par-
 ticipated in by plants of different origin. There is evidence of several
 such. migrations in the Middle West, which are discussed in Part IV.

 THE INTERPRETATION OF ISOLATION.-Actual geographical isolation
 of a species, in the ordinary sense, is effective only when an outlying
 habitat is separated from the general range by a, distance greater than
 the migration-capacity of the plant. Instances of this are too well
 known to need citation. Only two explanations are possible for such a
 condition. Either the species has had two separate. and independent
 origins, or else the vicissitudes of migration have brought it about.
 Even if the possibility of the former alternative is admitted, the latter
 is the more plausible in the majority of cases. It implies that the two
 disjunct bodies, of the species were at some time one, either in a ter-
 ritory from which both portions have migrated and which is no longer

 occupied, or through the existence' 'o'f connecting links between the two
 which have now disappeared Both cases have been caused by a, retreat-
 ing migration.

 Environmental changes which permit the advance or compel the
 retreat of one species are quite likely to affect others similarly, since,
 assiociated species, demand in general the same environment. Migra-
 tion is therefore concerned with numerous species simultaneously.

 21 C~owles, H. iC. The physiographic ecology of 'Chicago and vicinity; a, study of
 the origin, development, and- classification of plant societies. Rot. Gaz. 31: 73-108,
 145-182. 1901.
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 Whole floras migrate together, the hardiest and most mobile species
 first, the others in their train. They establish successional series ill

 the region which they enter, and build up new associations in the new
 territory. These are analogous to the associations of their original
 range, but differ in the absence of the slower moving species and in the
 presence of laggards from the retreating flora.

 Just as portions, of a single species may be: isolated during its migra-
 tions., so may areas of one type of vegetation be completely surrounded
 by an advancing flora and left isolated from the main body. These
 are known as relic colonies. The cause of such isolation is the failure,
 up to the present time, of sufficient environmental change to cause their
 extinction, or, in ecological terms, it is the relative slowness of the suc-
 cession in certain habitats unfavorable to most of the advancing species.
 These habitats remain with their original vegetation upon them, while
 elsewhere it is displaced. Such relic colonies are of common occurrence
 wherever migrations are recent. Every movement of vegetation has cer-
 tainly left relic colonies behind it, but their perpetuation to the present
 time depends absolutely on the continuation of an environment not
 only favorable to the relic species but distinctly unfavorable to the
 invaders.

 ADJUSTMENTS IN DISTRIBUTION.-The distribution of a speeies, and
 the distribution of vegetation must both be regarded as subject to con-
 tinual adjustment. Boundaries extend and contract, associations
 advance and retreat with every geographical fluetuation of the environ-
 ment. Even within the limit of a single association, every minor en-

 vironmental variation, whether geographical or seasonal, is marked
 by the entrance or disappearance of some species, or by changes in the
 numerical proportion of the others. This may account for the condi-
 tions recently reported on Mt. AMarcy,22 where twenty-one species
 formerly reported by Peek have apparently disappeared and seven
 " rather conspicuous plants, which such a careful botanist could scarcely
 have missed, have apparently come into the flora."

 GENERAL RESULTS OF CONTINUED iMIGRATIONS.-Obviously the

 general result of continued migrations is the mingling of floras of
 diverse origin, while great climatic changes or important geological
 episodes tend toward the segregation of floras and the conse-quent
 initiation of new vmigrations. Regions affected by Pleistocene glacia-

 22 Adams, C. C., Geo. P. Burns, T. L. Hankinson, Barrington Moore, & Norman

 Taylor. Plants and animals of Mount Marcy, New York. Ecology 1: 71-94,

 204-233, 274-288. 1920.
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 tion, such as the area, here discussed, fall in this group, and in them
 floras of different origin are still relatively distinct and adjustmr.ents
 of range are actively in progress. On the other hand, in regions which
 have enjoyed relatively uniform environmental conditions for a long
 period of time, migrations are, more generally completed and vegeta-
 tion is in more nearly a static condition, except in those. successional
 series which are related to continuous physiographic processes. such as
 baselevelling. This is now the case in parts of the tropics, and was
 formerly the case over wide areas of the North Temperate zone in the

 later Cretaceous and earlier Tertiary periods, when the flora and vegeta-
 tion of North America and Eurasia were remarkably uniform.

 SUMMARY OF PART II.-1. Migration of a species depends on an
 environmental change within or beyond its, range.

 2. The rate of migration depends on the rate of environmental
 change or the migration-capacity of',the plant.

 3. The present status of migration, as shown by the range of the
 species, depends on its rate and on the time available for it.

 4. The present range of a, species is not necessarily final, even with-
 out further environmental change.

 5. Migration proceeds most rapidly along routes with nearly con-
 tinuous habitats.

 6. Species of similar environmental demands migrate together.

 7. Isolated areas of a species or of vegetation are. to be interpreted
 as results of retreating migration.

 8. Long continued uniformity of environment leads to floristic uni-
 formity; recent environmental changes to floristic segregation and
 to new migrations.

 PART III. THE EVIDENCE OF PLANT MIGRATIONS

 The entire' distance which may have been travelled by the native
 plants of the Middle West in their migrations since, the, close of the
 last glaciation seldom exceeds .500 miles. Since the time available
 for this movement may be 10,000 to 40,000 years,, this requires an
 average annual migration of only 66 to, 264 feet. In the case of trees,
 a juvenile period of 20 years would still necessitate a movement dlrikng
 one generation of not more than a mile. The discovery of migrations
 still in progress is accordingly removed from direct observation, except
 in the case of a few species, and any conclusions must depend entirely
 upon.historical or indirect evidence.
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 HISTORICAL EVIDENCE OF MIGRATIONS.-Historical evidence may
 occasionally be, used with considerable success, especially where civiliza-
 tion has existed for a long period of time and written recoTrds preserve

 trustworthy accounts of some of the original features of the vegeta-
 tion. Thus Graebner23 has been able to demonstrate that certain
 heaths of northern Germany were originally beech forestsi. Tansley2
 has also made frequent use of historical records. For the Middle West,

 such data cover little more than a single century and are correspond-

 ingly restricted in value. There are, however, numerous. early books
 of travel which give fairly accurate accounts of the plant life. Their
 descriptions of prairie fires, of the former extent of prairies, and 'of
 the oak openings are in many cases excellent and may probably be
 relied upon completely. They generally lack detail and seldom mention
 many species by name, but are! nevertheless better for phytogeographical
 purposes than the floras, compiled by early botanists. Iln almost every
 county seat copies of the original land-survey maps may be consulted.
 On many of them various; features of the vegetation are shown, such
 as the occurrence of swamps, prairies, and barrens. In some ca-ses. the
 nature of the forest may be approximated by reference, to the accom-
 panying field books, since the surveyors' monuments were usually
 located with relation to certain described trees.

 SUCCESSION AS EVIDENCE OF MIGRATION.-FOr migrations still in
 progress, the most valuable line of contemporary evidence is found in

 the successional relations of the species toward the margin of their
 ranges. Even there, succession can not generally be observed directly,
 but numerous other considerations offer convincing evidence of the na-
 ture of the process, such as the relation of the associations to-k physio-
 graphic development, the reaction of the plant cover on the environment,
 the presence and relative abundance of seedlings, or the relative age of
 individuals. These have been used so freely by ecologists and such

 a body of accepted data, has been published that they need no dis-
 cussion here. Nevertheless, a timely warning a-gainst the too general
 application of the principles ioif uccession has been sounded by Har-
 vey25 and deserves careful consideration. When, at or near the margin
 of a range, a species or the members of a flora of uniform geographical
 distribution participates in successions as invading species, they are

 23 Graebner, P. Die Heide Norddeutsehlands und die sich ansehliessenden
 Formaationen in biogiseher Betxua~chtung. Die Vegetation der Erde, vol. 5, Leipzig,
 1901.

 24 Tansley, A. G. Types of British vegetation. Cambridge, 1911.
 25 Harvey, Leroy H. Some phytogeograpbhical. observations in Lake County,

 Michigan. Mich. AMlad. Sci. Rep. 21: 213-217. 1920.
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 extending Itheir range. Similar behavior toward the center of the range
 may indicate only a general closing-up; process, representing the later

 slower stages of a migration and not implying any general extension
 of range in the ordinary sense of the word.

 The known successional tendencies of the three major types of vegeta-

 tion of the Middle West have frequently been described, especially
 the tendency of the deciduous forests to succeed the prairies toward

 the west and the coniferous forests toward the north. Project this
 tendency into the future 'and it points to a, still wider extension of this

 type of forest, with a corresponding restriction of prairie and coni-
 ferous forest. Project it into the past and it reveals a former condi-
 tipn of restricted deciduous, forest and of a larger extent of prairie
 and coniferous forest. Obviously, such reasoning must not b!e carried
 too far, and its results must always, be checked by the existence of relic

 species or relic colonies, as discussed in a following paragraph.
 The stratigraphic sequence of fossils has been used with great suc-

 ces's as one line of evidence in Europe.26 While. similar evidence has
 already yielded imnportant results in America, the necessary data for
 extensive generalizations are usually lacking or deficient. The careful
 examination of the structure of pieat has scarcely more than begun in
 this country, and the pioneer work of Dachnowski27 may lead to impor-
 tant results.

 Geological events must have necessitated certain migrations and by

 their very nature give a general -idea of them. Thus, it is incredible
 that beech-maple forests could have occupied northern Michigan during
 the maximum advance of the Wisconsin glaciers, which reached some
 400 miles farther south. A northward movement of these trees and
 their associated species to their present location mlust have taken place
 after the retreat of the ice, but the details of this migration must be
 discovered by other lines of evidence.

 DETERMINING MIGRATION CENTERS.-Adams5 has advanced certain
 criteria for determining the migration-oenter of animals, which are in
 many cases equally applicable to plants. They are, with two omissions,
 as follows:

 1. Location of greatest differentiation of a type.

 2. Location of dominance or great abundance of individuals.

 3. Location of synthetic or closely related forms.

 26 Lewis, F. J. The plant remains in the Scottish peat mosses. Part I. The

 Scottish southern uplands. Trans. Roy. Soc. Edinburgh 41: part 3, 699-723. 1905.
 27 Dachnowski, Alfred P. Peat deposits and their evidence of climiatic changes.

 Bot. Gaz. 72: 57-89. 1.921.
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 4. Location of maximum size of individuals,.

 5. Continuity and convergence of lines of dispersal.
 6. Location of least dependence on a restricted habitat.
 7. Continuity and direction of individual variations or modifica-

 tions radiating from the center of origin along the highways of dispersal.
 8. Direction indicated by biogeographical affinities.

 THE FIVE ELEMENTS IN THE FLORA OF THE MIDDLE WEST.-Ap-
 plying his principles to the vegetation of the Middle West, it is found
 to 3be composed of five elements, not of equal importance, centering
 respectively in the southern Appalachian Mountains, in the southern

 Coastal Plain and the Mississippi Embayment, in the Ozark Moun-
 tains, in the plains of Kansas and Nebraska, and in Canada east of the
 Great Lakes. Four of these liel beyond the glaciated region far enough
 to have suffered little or not at all from the advance of the ice, and
 there is no reason to, believe that they did not occupy these positions
 continuously through the later glacial period. The last, one is in the
 glaciated region, and must have been developed since the retreat of the
 ice from a temporary refuge farther south. For the first four, we are
 probably safe in assuming that all subsequent migrations. of their floral
 elements have been on lines essentially radial, either from or toward

 these centers, as ranges may have extended or retreated. For the fifth,
 we are undoubtedly correct in assuming a general northward shift of
 the whole flora following the ice retreat.

 GLACIAL VS. MODERN CLIMATE.-The close similarity between the
 interglacial and the modern floras, so far as evidence is at hand, indi-

 cates that the, glacial climate differed from the modern not so, much
 in kind as in degree. It may be expected accordingly that migrations
 of the deciduous, forests took place first in a northward direction from
 their Appialachian center and later westward into the Middle West,
 and that any eastward migration of a prairie flora took place toward
 the north of our area, where there is, still a, marked distinction between
 winter and summer rainfall and a generally smaller total amount,
 rather than at the south where rainfall is more abundant and more
 evenly distributed throughout the year.

 Further evidence may be drawn from the topography of the region.
 Large and sharply marked moraines may indicate a. rapid advance of
 the glacial ice. Wide stream valleys leading from the moraines, with
 great outwash deposits, may indicate rapid melting of the ice under
 relatively high temperatures, and consequently in the adjacent region
 a flora and vegetation correlated with such climate. Such evidence has
 been used chiefly in connection with the Wisconsin glaciation, where
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 it seems that the temperature at the time of maximum ice advance
 was high and probably not unlike that of the present time. The imma-
 ture development of the drainage systems over the Wisconsin drift,

 particularly toward the west, may also be due not merely to youth
 but also to an early postglacial climate drier than that of the pres-
 ent day.

 If a considerable number of species are now confined to an area
 immediately beyond a moraine and seldom or never occur within it,
 their distribution may be explained in several ways. First and most
 obviously, present conditions of soil and climate may exclude them.
 But if the general vegetation and climate of the two regions are similar

 and if habitats apparently identical, as judged by the vegetation, exist
 on both sides of the moraine, this explanation is less plausible. Sec-
 ondly, their migration up to the present time may have extended
 merely to the moraine, which they will later cross. But it is. difficult
 to understand why the boundary of the range of numerous species
 should be so nicely adjusted to the, moraine. The third explanation,
 which is here accepted, is that they occupied this area before or during
 the formation of the moraine, have occupied it ever since, and are not
 at present extending their range.

 RELIC CoLoNIEs.-La-stly, and most important of all, past migra-
 tions may be judged by relic colonies. Unfortunately, they can be used
 only for the more recent movements, since the relics of earlier migra-
 tions have been completely destroyed. Many such colonies still exist,
 isolated by recent migrations, or did exist long enough to be recorded

 before being sacrificed to agriculture, and afford the most valuable
 evidence -of the past range of the floras which they represent. They
 even give valuable clues to migrations of still earlier date, during
 which the flora of the colonies entered the region, and therefore show
 a-t once an early advance followed by a later retreat.

 Although the probability of extreme migrations, except in the case
 of very mobile species, is very slight, the time available is very long
 and ha.s certainly been sufficient for the improbable to happen many
 fimes. Therefore, in general, isolated stations of a single mobile species
 shed little light on its past history. But isolated colonies of several
 or many species, provided with diverse methods of dispersal, represent

 a different condition. It is entirely beyond the limits 'of probability

 or coincidence to presume that a dozen or more species, normally grow-
 ing together in one section of the country, should also be found together
 in another remote section beyond the normal limits of dispersal of any

 of them. Isolated colonies. of this character are common phenomena
 in the IMiddle West and can have but one significance, that at some time
 in the past these colonies were more numerous and separated by narrow
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 intervals within the normal migration-capacity of the species, or were

 entirely continuous over the whole area. Stated in more general termss,
 the present occurrence of relic colonies. indicates the past extent of
 the vegetation of which they are a type. For the same reason, isolated
 stations of a single relatively immobile species indicate a former more
 nearly continuous distribution, and evidence from this source is of

 greater importance when the species in question is regularly associated

 with some peculiar or unusual habitat.
 A combination of evidence from successional tendencies, and relic

 colonies indicates. both the direction and the extent of prehistoric migra-
 tions. The full extent may not be indicated, because the isolated
 colonies may have disappeared completely from the more remote parts
 of their original range. In such cases isolated stations of single species
 may give some not entirely untrustworthy idea of it. The farther

 back in time plant migrations are traced, the fewer relic colonies may
 be expected and the more dependence must be placed on individual
 species.

 No ione of these various lines of evidence is sufficient in itself to
 build up a, history of vegetational movements in the Middle West.
 All of them must be used together and the deductions from all woven
 into a history which accounts for present conditions satisfactorily and

 is plausible in itself. The development of this history must be com-

 menoed with the present, where the latest migrations are. shown by
 successional relations. The extent of these recent events may be esti-
 mated and checked by relic colonies, which in turn point to earlier
 migrations. These iunst be checked by glacial topography, by infer-
 ence's concerning glacial climates, and by the distribution of plants
 along the moraines. Still farther back, plant distribution and migra-
 tions must be deduced from fossils, from the location of thei moraines,
 from the known physiological requiremuents of the plants, and through
 the use of Adams' criteria.

 The vegetational history which follows. in Part IT has been con-
 structed in this way. Observed conditions and recorded vegetationa]
 changes during the historical period have given evidence on migrations
 then in progress and permitted deductions as to those of the later
 prehistoric period. Conclusions as to the preceding stages have been
 reached through use lof the various lines of evidence outlined above
 and carried back with decreasing detail and assurance to the advance
 of the Illinoian glaciers.

 SUMMARY OF PART III.-i. Migrations in progress now or in the
 recent past are indicated by historical evidence or by observation of
 successions.
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 2. Former migrations are indicated by the occurrence and distribu-

 tion of relic colonies and species, by ecological and taxonomic evidence

 as stated by Adams, by glacial history and topography, by fossils., and
 by inferences as to former climate.

 3. Evidence from all available sources must be combined to build a

 plausible and possible chain of events, leading on to and culminating
 in the known present distribution of plants.

 4. Conclusions !as to early stages of plant distribution and migra-
 tion are reached in reverse order of their occurrence, that is, from
 present to past. The accuracy of each conclusion depends on the

 accuracy with which the conditions of the following stage have been
 interpreted. Each earlier stage must therefore be discussed in less

 detail and with greater probability of error.

 PART IV. THE DEVELOPMENT AND HISTORY OF VEGETATION IN THE

 MIDDLE WEST

 PREGLACIAL.-From the close of the Carboniferous Period to the
 Lower Cretaceous ;or Comanchean Period, the area now comprised
 between the Missouri Valley and the Appalachian Mountain system
 was continuously land. The pteridophytic and gymnospermous flora
 which occupied it can be partly reconstructed from the fossils, of those
 ages, but its migrations are unknown. During the Lower Cretaceous
 the first representatives of the angiosperms must have arrived in our
 area, since the fossil remains of such plants are preserved in con-
 temporary deposits still farther west, and through the Upper Cretaceous
 angiosperms constituted the dominant vegetation. It is not probable

 that herbs were prominently developed; angiosperms consisted chiefly
 of woody plants of families and genera, still in existence in the area
 and of other groups now primarily or exclusively tropical. This, flora
 is undoubtedly continuous with the forest flora of the Tertiary, usually

 designated the arctotertiary flora, and through it with the forests of
 the present.

 While there may have been differentiation of floristic types in the
 Cretaceous, correlated with local climatic conditions, the first of the
 great vegetational segregations which is still of importance in our
 region began at.the close iolf the Cretaceous, with the uplift of the
 Cordilleran complex of mountains.28 Intercepting the moisture.-laden
 winds from the Pacific and restricting the rainfall of the lands imme-
 diately east of them to moisture derived from the Gulf of Mexico,
 the elevation of these mountains led to the development Of semiarid
 conditions over the Great Plains, which soon had an effect on the

 28 Harvey, Leroy H., Floral succession in the prairie-grass formation in south-
 eastern South Dakota. Bot. Gaz. 46: 81-108. 1908.
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 character of the vegetation. The result was the grassland type which
 still prevails in that region.

 This result naturally required thousands of years for its accomplish-

 ment, but the rrwdus operandi may be sunumarized as involving five
 processes,:. (1) the disappearance of the arborescent flora; (2) the
 great increase in the number of individuals of the herbaceous, species;

 (3) competition for space among the herbs, leading to the eventual

 dominance of the grasses, as the group best suited by growth-form and
 ecological requirements to the new conditions; (4) the development by
 evolution of new and characteristic species and genera, and (5) the
 immigration, usually accompanied by specific or generic evolution, of
 other species from the Sonoran deserts at the south and the Great Basin
 deserts at the west.

 How far toward the east the prairie vegetation may have extended
 in Tertiary time and how many advances and retreats it may have

 made in response to climatic variation are unknown.. We may believe,
 however, that the present climatic center of the Prairie Province in
 western Kansas and Nebraska and eastern Colorado has, been occupied
 by this vegetation continually since its origin, and that amoeba-like
 arms have been pushed out many times in many directions and with-
 drawn again. It is also probable that the arctotertiary forests have
 continuously occupied the Ozark uplift, since it still harbors many
 old species, although not so many as the Appalachian uplift of the

 same latitude, from which it was isolated during the Tertiary by the
 oceanic waters of the Mississippi Embayment. This, isolation and
 the proximity of the Ozarkian region to prairie and Sonoran floras on
 the west have; led to a considerable differentiation between the Ozarkian
 and Appalachian forest centers, as has already been noted in Part III.

 Fossil evidence indicates that the aretotertiary flora included both
 angiosperms and gynnosperms, and had little or no latitudinal differ-
 entiation, at least, as far north as 70?. The second great floristic devel-
 opment affecting our region was, the general segregation of these two
 groups into a northern flora, with gymnosperms, predominating, and a
 southern flora, in which angiosperms were dominant. This, probably
 began only with the approach of the first. glacial period and may not
 have been completed until the ice age was well under way. The

 processes were essentially the same as those outlined above for the

 prairie vegetation, but in this case involved also the permanent dis-
 appearance from both floras of a number of species belonging to genera
 whose modern representatives are tropical. The former presence of
 Ficus, Artocarpvs, Sctbatl, and other genera of similar climatic require-
 ments in northern latitudes has frequently been taken to indicate a
 tropical or subtropical climate in those regions. The writer sees no
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 reason for believing that such genera could not have produced species

 adapted to a temperate climate then, just as Phoradendron, Diospyros,
 and Tripsacum. have at present, so that the actual shift of climate north-
 ward may have been only a few hundred miles.

 These three floristic and vegetational types have since maintained

 their identity, and the history of the vegetation of the Middle West is
 concerned almost exclusively with them. A fourth floristic element,
 the Coastal Plain flora of the southeastern states, was likewise segre-
 gated from the arctotertiary forests., probably during the late Tertiary
 or Pleistocene, and enters the southern portion of our region, but has

 probably never occupied a more extensive territory than at present.

 The Coastal Plain flora has been considerably modified by the immi-
 gration, accomp'anied by evolution, of numerous tropical forms, enter-
 ing the region via Texas or the Florida peninsula. Some of these have
 extended still farther north and have invaded other fioras, as well.

 EARLY GLACIAL STAGES.-There is nol present evidence concerning
 the migrations of vegetation during the Nebraskan and Kansan glacial
 advances, at least one of which entered our area, or during the corre-
 sponding Aftonian and Yarmouth interglacial stages, and the earliest
 evidence at hand deals with its location during the Illinoian period at

 the time of maximum advance of the ice.
 The southern boundary of Illinoian glaciation extends in a. generally

 southwesterly direction across Ohio and Indiana and lies on the north-
 ern slope of the Ozark uplift in southern Illinois. It then turns north-
 ward, following in a, general way the present course of the Mississippi
 river to the Wisconsin border, displacing the river westward in eastern

 Iowa, but passing to the east of the driftless area in northwestern
 Illinois. Its deposits in Wisconsin are almost wholly covered by
 those of a later period and its further extent in the Middle West is
 unknown.

 The pre-Illinoian flora of the territory covered by this ice sheet must
 have been destroyed or have migrated south, west, or in both directions.
 The immediate problems are to ascertain the distance beyond the glacial
 boundary to which it was forced and the location of the extraglacial
 floras during the time of maximum ice advance. Several features of
 present distribution seem to cast some light on the questions.

 The Mississippi Embayment.-The Mississippi embayment of south-
 ern Indiana., Illinois, and Missouri is occupied by a large; number of
 species which reach here their northern limits in the extensive flood-
 plains of the Ohio, Wabash, and Mississippi rivers, without migrating
 farther to the north along these floodplains into glaciated territory.
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 Noteworthy among them are Taxodiumr distichum,* Rhamnus caro.

 lininao, Gleditsia aquatica, Nyssa, aquatics, Ilex decidua, Catalpa
 speciosa, Fraxinus profunda, Celtis mississippiensis, Quercus Phellos,

 Leitneria flordana, and a host of other shrubs and herbaceous species.
 Soil conditions can not be cited as the cause of this, range, because the
 soils in which these plants grow is all alluvial, washed down by the
 streams from the glaciated region, and parallels them without any
 essential difference for miles within the glacial boundary. Neither
 can climate be cited, since two of them, Taxodium distichurn and
 Catalpa speciosa, are commonly, and others occasionally, cultivated
 200 to 300 miles north of their natural limits.

 Northern Limits of Southern Plants.-The rocky hills of the Ozark
 uplift in southern Illinois also carry a number of southern plants
 which reach here their northern limits, such as Pinus echinata,, Bato-
 dendron arboreum, Ulmus alata, Azalea nudiflora, Bumel lycioides,
 B. lanuginosa, and many others. These also have failed to utilize the
 extensive strip of similar habitats along the rocky bluffsl of the Missis-
 sippi river for further migrations into, the glaciated region. Still other
 species have interesting ranges correlated in some way with the glacial
 boundary. Thus Heuche'ra piarviflora occupies, isolated areas along the
 boundary only, with the exception of its, stations in the lower Allegheny
 mountains. Trichomanes Boschianurr preserves an outpost in southern

 Illinois,, where it has recently been discovered by Cowles. Sullivantia
 Sullivantii occurs only along the glacial boundary from Ohio to Illinois
 and reappears in the ,driftless area. 300 miles to the north. Saxifra-ga
 Forbesii is strictly limited to two stations along the glacial boundary
 in southern Illinois and southeastern Missouri. Phlox Stellaria is
 chiefly confined to certain limestone cliffs along the glacial boundary
 in Illinois and not far beyond it in Kentucky.

 Undoubtedly there are, species which reach their northern limit
 near the glacial boundary because of climatic conditions. This might
 be true of Phoradendront flavescens, whose host trees are abundant north
 of the boundary, but which has not crossed it-self. But with numerous
 species with coincident range margins at this, line, and several species
 with isolated stations near it, an easier explanation is, that they re-
 mained here during the glacial period and have not migrated north-
 ward since then, indicating that the northern boundary of the arcto-
 tertiary forests lay parallel with and close to the ice margin.

 There is at present no evidence whether this forest flora at that
 time extended westward toward the Ozarks,, leaving northern Missouri

 A single colony accurs in Knox County, Indiana, within the glaciated area.
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 and Iowa to a prairie flora of western affinity, or northward along the
 western boundary of the ice fields, restricting the prairie to a location
 farther west. Extensive forest beds, overlie the Kansan drift in north-
 eastern Iowa, as showil by McGee,29 who states that more wood is pre-
 served in these beds than at present grows in the area, but the time-
 position of these forests may be either Yarmouth, Illinoian, or San-
 gamon.

 The Migration of the Conifers.-The conifers of the present north-
 eastern forests, or their ancestral prototypes, migrated southward before
 the ic-e and must have bleen reduced to a narrow strip between the ice
 margin and the deciduous forests. There is no evidence whether this
 flora extended west as far as southern Illinois or existed in the: un-
 glaciated region of northwestern Illinois. It is noteworthy that Pinus
 Strobus does not occur on the exposures of St. Peter's. sandstone near
 the confluence of the Mississippi and Illinois rivers, but its absence
 proves nothing. The only species of essentially boreal affinity now
 existing in southern Illinois are Sullivatia Sullivantii and Saxifragas
 Forbesii, and it is not necessary to presume that they were ever accom-
 panied by coniferous forests. Such forests may have existed anywhere
 along the glacial margin, or may have been restricted to some espe-
 cially favorable area, such as the re-entering angles in Ohio and Indiana,
 or to the mountains of Pennsylvania and adjacent states. The promi-
 nent developnment of vegetation of this affinity in the southern Alle-
 gheny mountains may have arisen during a later glacial advance. or
 may have persisted since the Illinoian.

 The Migration of Deciduous Forests.-During the long Sangamon
 interglacial stage which followed the retreat of the Illinoian glaciers,
 deciduous forests undoubtedly migrated to the north and probably also
 to the west. The full extent of this. migration can at present only be
 surmised, since it must bei ascertained wholly by fossil evidence, and
 this is in most cases lacking. Nevertheless, logs, of both angioslpermnous
 and coniferous species are found frequently in the soil layer between
 the Illinoian drift and the superposed Wisconsin soil in various parts
 of Illinois. Leverett30 has noted that the coniferous remains must not
 be considered evidence for the maintenance of such forests, throughout
 the interglacial stage, since they probably were deposited at the end
 of it, just beforel the approach of another glacier. The notable dis-
 coveries in the vicinity of Toronto, summarized by Chamberlin and

 29 McGee, W. J. The Pleistocene history of northeastern, Iowa. U. S. Geol. Surv.
 Ann. Rep. III: 189-599. 1891.

 30 Leverett, Frank. The Illinois glacial lobe. U. S. Geo. Surv, Mon. 38. 1899.
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 Salisbury,8' indicate that deciduous tree's may have migrated during
 the Sangamon stage to distances some 500 miles beyond their pres-
 ent range.

 There must have been other vegetational movements during the
 Iowan glaciation and the succeeding Peorian interglacial stage, but
 no evidence concerning them has been found, and none is. expected
 from the region under discussion, except from fossils which may even-
 tually be discovered in the Peorian soils. The Peorian stage. may have
 had a relatively warm and arid climate, since during this time extensive
 deposits of loess. were made over wide areas in the fiddle! West. This
 type of climate may have persisted into or even through the Wisconsin
 glaciation.

 WISCONSIN GLACIAL PERIOD.-The close of the Peorian interglacial
 stage saw the advance of the Wisconsin glaciers, which as the last
 glacial invasion have left the greatest impress on the nature and loca-
 tion of the present vegetation. Originating'in the Labradorian center,
 the ice sheet flowed in a. southwesterly direction into our area, wholly

 covering tlhe state of Michigan and partially covering Ohio, Indiana,,
 Illinois,, and Wisconsin. Toward the periphery, the ice! sheet was
 divided into more or less well-marked lobes, with re-entering angles
 between them. The ice margin along'the eastern boundary of Ohio
 reached nearly to the northern extremity of West Virginia, ;extended
 across Ohio in a generally southwesterly direction to a point not far
 north of Cincinnati, westward across Indiana in about latitude 390 30',
 westward into Illinois, and thence northward on about long-itude 89?
 to latitude 450 in Wisconsin. Here the boundary again turned west,
 and another lobe extended south into the north-central portion of Iowa.

 Throughout this area there is an extensive development of moraines,
 the chronological relations of which have been discussed in admirable

 detail byv L~everett3032. and Alden.34 These moraines mark succes-
 sive stages. in the retreat of the ice, and it is to be; hoped that the
 application of De Geer's methods to the region will eventually yield
 an approximate time~-scale for their history, an event which will be of
 the highest importance in developing a clear idea of the consequent

 migrations of vegetation. At the same time,, a continued study of the

 31 Chamberlin, T. C. & R. D. Salisbury. Geology. New York. 1907

 32 Leverett, Thank. Glacial formations and drainage features of the Erie and
 Ohio basins. U. S. Geol. Surv. Mon. 41. 1902.

 33 Leverett, Frank, & Prank B. Taylor. The Pleistocene of Indiana and Michigan
 and the history of the Great Lakes. U. S. ,Geol. Surv. Mon;. 53. 1915.

 34 Alden, Wm. C. The quaternary geology of southeastern Wisconsin, with a

 chapter on the older rock fornmations. U. S. Geol. Surv. Prof. Paper 1-06. 1918.
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 peat depolsits27 is certain to yield precise information concerning the
 nature of the flora.

 Outside the margin of the Wisconsin ice lay the five floristic groups
 of plants already mentioned, the prairie flora. to the west, the Ozarkian
 forests to the southwest, the coastal plain flora of the Mississippi
 Embayment to the south, and the; deciduous forests of the; Appalachian
 and Piedmont regions to the southeast, while the coniferous forests of
 the present northeastern states were limited to a belt paralleling the
 glacial margin. There is no reason to believe that the general space
 relation of these five, groups has ever been altered, although they must
 have suffered many fluctuations in their distribution and extent dur-
 ing the preceding glacial advances.

 With the retreat of the ice, the new glacial soil was thrown open
 to migration and speedily covered by plants. Adams has given a
 picturesque account6 in general terms of the waves, of vegetation which
 swept on to the north as the ice margin retreated. But postglacial
 migration was by no means as simple as. he has described it, particularly
 because of the opportunities for migration in easterly and westerly
 directions as well as toward the north. It is also obvious that the
 advantage in migration lies with the floristic type located nearest to
 the new land. Hence it is important to locate the five floristic types
 as accurately as possible for the time of maximum advance of the
 Wisconsin ice.

 DISTRIBUTION OF PLANT LIFE DURING THE WISCONSIN.-When it
 is considered that the past distribution of plants can in general be
 interpreted only through circumstantial evidence, it becomes hazardous
 to venture any opinion on the actual details of plant distribution during
 this period. Nevertheless certain. modern conditions are of interest
 in this connection.

 The glacial drift of southern Illinois beyond the Shelbyville moraine,
 which marks the southern boundary of the Wisconsin glaciation, is
 characterized by a large number of more or less xerophytic species.
 Among these may be mentioned Ambrosia bidentata, Ascyrunm hyperi-
 coides, Chamaecrista nictitarns, Crotalaria sagittalis, Crotonopsis
 linearis, Diodia teres, Diospyros virginiapa, Galium pilostnm, Par-
 sonsia petiolata, Passiflora lutea, Plantago aristata, Planttago virginiana,
 Quercus marylandica, and Quercus stellata. Few of these a-re native
 anywhere within the Wisconsin drift limits, although several of the
 weedy species have within recent years mingrated northward and
 are now found rather uniformly throughout Illinois. They may be
 described collectively as xerophytic selections front a southern flora.
 The same region is also marked by a few rather peculiar xerophytic
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 selections from a western or southwestern flora,, not found elsewhere
 in the state, such as Geoprumnon, mextcanumt and. Megapterium mis-
 souriense, but it must be noted that these are much fewer than the
 southern element, and also much fewer than species of the same western
 element in western Illinois..

 Some of the most noteworthy mesophytic trees are nearly or quite
 absent from the, same region, such as, Fagus grandifolia, Cynoxylon

 floridum, Liriodendron Tulipif era1, and Magnolia acuminata, although
 some of them extend much farther north in almost the same longitude
 and all of them, crossing Illinois at its, southern end, extend westward
 as far as the Ozark mountains.

 The Ozarkian flora at the present time barely reaches Illinois.. A
 few species occur on the rocky hills of the Ozark uplift, such as Soli-
 dago Drummondii and Solidago Radula; Trillium viride occurs north-

 east of St. Louis, but in general the flora is poorly developed east of
 the Mississippi, although strongly marked only a few miles west of
 it. Even such a mobile species as Vernonia Baldwini, common in
 the vicinity of St. Louis, is scarcely known on the Illinois side. There
 is no evidence as to! the date when this flora appeared in Illinois, and

 no reason to believe that it ever extended farther east or took a, more

 prominent part in the plant life of the region.

 In western Illinois, beyond the Wisconsin drift, north of the low

 range of hills which divided the Illinoian till into two portions (see

 Leverett's map30), and mostly west of the Illinois, river, there are a
 number of intensely xerophytic western species, such as Bouteloua

 hirsuta, Bouteloua oligostachya, Schedonnardus paniculatus, Opuntia
 fragilis, Mentzelia oligosperma, Lesquerella argentea, and Cristatella
 Jamresii. They are not merely xerophytes, but are limited to peculiar
 and extreme habitats. iThey have not been reported east of the ter-
 minal moraine, even from similar habitats on the sand dunes of Lake
 Michigan. Schedonnardus paniculatus, with a single station in Illi-
 nois, and (Cristatella Jamesii, with two known stations in Illinois and
 one in eastern Iowa, present excellent examples of discontinuous dis-
 tribution, since their nearest stations to the west are 300 to 500 miles
 away. Such distances are much beyond the normal range.of their
 migration and these eastern stations must be regarded as the relics
 of a former nearly continuous, range across eastern Nebraska and
 Iowa. This in turn implies a climate some time in the past much
 drier than at present. There are also in this part of the state a few
 xerophytic southern plants, such as Quercus marylandica., and Croton-
 opsis elliptica, but their successional Relations indicate a later arrival
 in the region.
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 It has been indicated that coniferous plants during the; Illinoian
 glaciation must have been confined to a narrow strip paralleling and

 adjacent to the ice margin. The same conditions must have obtained

 during the Wisconsin. The; lack of relics of this flora along the Shelby-
 ville! and Bloomington moraines is, striking. From Edgar County,
 Illinois, where the terminal moraine enters the state from Indiana,

 west and north to La Salle County, almost no boreal relies occur.

 The absence of pines may Well be explained by the soil conditions, but
 the swamps and bayous of the rivers are also without Larix and Thuja

 and any of the ericads of the peat bogs of the north; even Caltha

 palustris and Spathyemna foetida are almost unknown along the glacial
 boundary until well towards the northern end of the state, although
 most of these plants are found freely along the moraine in similar

 latitudes in Ohio and some in Indiana. At the north they reappear:

 A bies balsanea, occurs in northeastern Iowa., and Pinus Strobus is

 abundant from southwestern Wisconsin northward. Even Primula
 AIistassinmica occurs in northwestern Illinois.

 All of these facts of modern distribution may be explained by
 postulating a glacial climate during the Wisconsin considerably drier

 than at present and not much different in temperature, so that the

 vegetation of extra-glacial Illinois assumed a xerophytic aspect. Under
 this view, we may assume that the Ohio valley in southern Indiana
 and Illinois was occupied by its present forest flora, possibly not so
 luxuriantly developed; the Illinoian drift to the north of it by a
 xerophytic forest of southeastern affinity with a slight admixture,
 decreasing toward the west, of a prairie element; western Illinois
 was exclusively prairie, of a. type similar to that now prevailing pos-
 sibly 400 miles farther west. A narrow and interrupted strip of
 coniferous forest followed the glacial boundary, especially in places
 where greater topographic relief afforded better shelter. Toward the
 east, across Indiana and Ohio, the strip became broader and included
 more species. Toward the north it broadened out again in the drift-
 less area in the shelter of the deep rocky ravines, with the additional
 protection of the projecting Des Mfoines lobe of ice extending south-
 ward to the west of them. It is doubtful if any conifers or associated
 species occurred west of this lobe. Tundra vegetation, less affected
 by the environmental conditions, grew on the thin soil overlying the
 ice back of the glacial margin. In general, the climatic conditions
 and vegetation may have been shifted in this latitude 300 to 400 miles
 cast of their present location. The presence of an old flora in the
 Ozarks indicates that this shift did not extend much farther toward
 the south.
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 There is also some geological evidence of a climate during Wis-
 consin time well suited to a xerophytic vegetation. Various rivers of
 the region, notably the Wisconsin, the Green, and the Illinois, which
 rise within the Wisconsin drift and flow out to the west or southwest,
 occupy beyond the Wisconsin terminal moraine valleys entirely out of
 proportion to the size of the present rivers and choked with immense
 quantities of glacial outwash. This may indicate unusually rapid
 melting, due to a mild (and presumably also a dry) climate.

 During this period, forest belts of the more mesophytic species may
 have existed along the Mississippi, Wabash, Illinois, Missouri, Cedar,
 and Des, Moines rivers in the eastern portion of this semi-arid region,
 just as they do today in a similar climate in Nebraska and Kansas.

 CLIMATE IN THE EARLY POST-WISCONSIN.-Whether or not the
 conclusion is accepted that a mild and semi-arid climate existed in the
 Peorian and persisted through the Wisconsin stages, it seems almost
 certain that such a climate characterized at least a portion of the
 time involved in the post-Wisconsin glacial retreat. Palaeontological
 and geological evidence for such a condition is scanty, and is, concisely
 summarized' by various authors in a recent volume.35 Alden Ila believes
 " that during the deposition of the post-Wisconsin loess the climate in
 the northern interior may have been somewhat drier than at present,
 but was not greatly different." Knowlton says `e " There is some little
 palacobotanical. support for the contention that there was a slightly
 warmer period following the close of the glacial epoch." Tyrrell con-
 cludes35f that the glacial climate of the Caniladian northwest was " suc-
 ceeded by a, dry continental climate, under neither of which conditions
 was a forest growth possible." Basing bis opinion on the occurrence
 of certain animal remains, Hay believes ssd "that after the retreat of

 the ice-sheet a warmer period ensued," at the culmination of which
 " the region along the southern shores of Lakes Ontario, Erie, and
 Michigan enjoyed a climate similar to that now prevailing in Tennessee

 35 Die Verdinderungen des Klimas seit dem Maximum der letzen Eiszeit. Eine
 Slanmliung von. Berichten . . . heriausgegebeli von dem Exekutivkomitee des 11.
 Internationalen Geologenkongresses. Stockholm, 1910. Including:

 35aAlden, Wim. C. Certain geological phenomena indicative of climatic conditions
 in .North America since the maximum of ,the latest glaciation. 353-363.

 3sd Hay, 0. P. On the changes of climate following the disappearance of the
 Wisconsin ice sheet. 371-374.

 35e Knowlton, F. H. The climate of North America in late glacial and subsequent
 post-glacial time. 367-369.

 35f Tyrrell, J. B. Changes of climate in northwestern Canada since the glacial
 period. 389-391.
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 and Arkansas." Similar opinions have also been expressed by Cole-
 man, Matthew, Dawson, Leverett, Upham, and Davis.

 The same period was early recognized in Scandinavia by Blytt36
 and has been generally accepted by most European phytogeographers.

 Of the numerous papers on the subject published in the same volume,
 those of Andersson 35b-c seem especially conclusive'. He decides that
 during the 'early postglacial stages the climate of Scandinavia had
 winters similar to those of the present, while the summers were longer

 and about 2.50 C. warmer. Later the climate became wetter, while
 remaining equally warm, while for the modern period there is. evidence

 of a slow lowering of the temperature. It is also worthy of note that
 Asdersson lays great stress on the value of relic colonies as. evidence
 of past distribution.

 The term xerothermic period has long been used by Europeans for

 this period of mild and drier climate, and may well be extended to the
 same type of climate, probably contemporaneous, in America.

 A xerothermic period, occurring in comparatively recent times, and
 without any subsequent geological episodes to modify greatly the trend
 of plant migrations, would certainly have left an impress on the dis-
 tribution of vegetation which would still be visible. Among the effects
 which might be expected is a great extension of the prairie flora toward
 the east, taking advantage of the favorable climate. This should now
 be evidenced by relic prairie colonies and by isolated stations of western
 species at the least and by a deficiency of hydrophytic and mesophytic
 boreal relies at the west. Both of these results are actually demon-
 strable at the present time, as will be shown below. A third effect
 should be seen in the migrations of the deciduous forests from the
 southeastern center, in which the more mesophytic species would be
 limited at first to a northward migration only, passing to the east

 of the area affected by xerothermic conditions, while the 'more xerophy-
 tic species would migrate both north and west, accompanied by other
 species of edaphically moist floodplains, such as, now form the western-
 most groves of Kansas and Nebraska. Present distribution indicates
 that this was also a factl, although it is less clearly evident at the
 present time.

 TUNDRA AND CONIFEROUS FOREST MIGRATION.-The northern

 boundary of the tundra vegetation overlying the glacial ice extended
 toward the north with the retreat of the ice. At its southern boundary,

 35b Andersson, Gunnar. Das spItquartAre Klima, eine zusammenfassende Ueeber-
 sicht. xii-lvi.

 35c Andersson, Gunnar. Swedish climate, in the late-quaternary period. 247-294.
 36 IBlytt, Axel. Dia Theorie der wechseluden kontinentalen und insurlaren

 Klimate. Engler's Bot. Jahrb. 2: 1-50. 1881.
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 the tundra persisted until destroyed by the warmer climate or by the
 succession of the coniferous forests.. In general, tundra withstands
 a climate slightly warmer than its optimum better than the competition
 of forest species., which quickly destroy it by shading.22 As in all

 such retreating migrations, relic colonies were isolated, surrounded by
 the advancing forests, and persisted for a longer or shorter time until
 finally completely overgrown by the spruces and firs. Naturally those
 endured the longest which occupied habitats least favorable to forest
 growth. We may presume that the sand dunes along the shores of

 the postglacial lakes and such isolated rock outcrops and cliffs as
 Starved Rock in Illinois. and the Dells of the Wisconsin River were
 for a long time occupied by tundra plants, just as they are now oecu-
 pied by relics of the coniferous forests. The, xerothermic period and
 ordinary successional processes have! long since destroyed the last vestige
 of tundra vegetation in these latitudes, and the southernmost species
 are now found scarcely farther south than Lake Superior. On Isle
 Royale37 associations still exist which bear a general resemblance to
 the arctic tundra and contain a few species of distinctly northern dis-
 tribution. As the tundra migrated northward into cooler and moister
 regions, and the cooling influence of the ice was felt farther beyond

 its margin, the belt of tundra broadened, that is, it migrated toward
 the north faster than it retreated from the south, until it now occupies
 an area some hundreds of miles wide.

 The boreal coniferous forests which had occupied a narrow or inter-
 rupted strip along the glacial margin during the Wisconsin stage also

 migrated northward following the retreat of the glaciers, surrounding
 the relic colonies of tundra and eventually replacing them by succession.
 The pioneers in the movement were probably then as now the xerophytic
 species advancing along the rock outcrops and till of the upland, and
 the bog species proceeding along the drainage! lines and the glacial
 lakes. These forests also advanced toward the north faster than they
 retreated from the south, and consequently occupied a strip of increas-
 ing breadth. This led to their present dominance over a large area
 north and east of the Great Lakes and to their temporary dominance,
 which is still continued in many habitats, in northern Minnesota, Wis-
 consin, and Michigan. Their northward movement brought the coni-
 fers into climates. progressively eooler and relatively moister. This led
 not only to a greater number and size of individuals, but also per-
 mitted a northwestward migration into northern Minnesota and
 Manitoba. This northwestern prolongation was eventually extended,

 37 Gleason, H. A.. The ecological relations of the invertebrate fauna of the Isle
 Royale, Michigan. Rep. Mich. Geol. Survey 1908: 57-78. 1909.
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 with the complete disappearance of the land ice, as far as Alaska.

 Since the morainal strip of boreal vegetation was, in the Middle West
 at least, always narrow, frequently interrupted, and probably com-

 pletely absent about the Des Moines lobe, and composed chiefly of a

 xerophytic selection of species, the western end of the forest, belt was

 composed, during its advance to its present location, 1of a comparatively
 meager flora. Each mile of advance to the northward saw the widen-

 ing of the belt and the junction of portions previously isolated, and
 consequently permitted a westward migration of species from the

 eastern states, which were little affected by the xerlothermnic climate.
 This westward migration has by no means been completed and is

 probably even now in progress through the forests of Quebec and

 Ontario, but the boreal flora, of the upper. Lake region is still poor in
 comparison with that of Quebec, New Brunswick, and the New Eng-

 land states. The northwestern extension across Manitoba to Alaska

 shows a progressive diminution in the number of species concerned,
 as graphically shown. by Transeau's" map.

 When these forests reached the eastern foothills of the, Rocky Moun-
 tains in Alberta, they were again in contact with the closely related
 species of the Pacific Conifer Province, from which they had long been
 separated. It will be interesting to, learn from future studies what
 exchange of species now took place; whether widely distributed species
 common to both regions, such as, Poplus tremunloides, had been in
 both since their segregation; whether the numerous Pacific plants of
 the St. Lawrence valley are preglacial members of the northeastern
 flora, or migrated eastward at this comparatively recent stage. It. is
 not too much to expect that all of these matters are possible of solution.

 In this migration of boreal plants, numerous relic colonies were
 left behind. Many of them have since disappeared before the encroach-
 ment of surrounding vegetation or the changes in climate, but thousands
 still exist. As is generally the case with relic colonies, they occupy
 for the most part extreme habitats,, either xerophytic rock hills and
 sand dunes, clothed with Pinus Strobus and Pinus-Banksitna, or bogs,
 characterized by Larix laricina and Thuja ,ccidentaelis. lIt is especially
 noteworthy that in Ohio, where the influence of xerothermic conditions
 was reduced by the eastern position, the hydrophytic colonies persist
 farther south than the xerophytic. In Illinois the condition is re-
 versed, and neither of the two hydrophytic trees is reported from Iowa.
 Tamarack bogs are found in Illinois, only along the borders of deep
 lakes in the immediate vicinity of Lake Michigan, while Pinus Strobus

 38 Transeau, Edgar N. Forest centers of eastern America. Amer. Nat. 39: 875-
 889. 19,05.

This content downloaded from 198.91.37.2 on Mon, 27 Jun 2016 03:10:06 UTC
All use subject to http://about.jstor.org/terms



 70 H. A. GLEASON-VEGETATIONAL HISTORY OF MIDDLE WEST

 occurs not far from the Mississippi and in one county in, southeastern

 Iowa. The occurrence of boreal relics in the driftless area of north-
 eastern Iowa has already been noted.

 Ponds were abundant on the Wisconsin drift in Illinois half a
 century ago, and were notable for the complete lack of such hardy
 boreal plants as Comarum palustre, Dulichium arundinaceum, and
 Menyanthes trifoliata. They were mostly shallow and easily drained
 and have long since disappeared. They were also characterized by
 the absence of aeep peat deposits, indicating that they had never been
 occupied by boreal vegetation and were of comparatively recent origin.
 The carefully prepared reports of the Illinois soil survey present

 interesting figures concerning them. Ten counties of central Illinois

 contain only 1,986 acres, of deep} peat, or 0.,04%o of their area, and
 of this 1,779 acres lie in the floodplain of the Illinois River. Three
 counties of north-central and northern Illinois contain 0.15%o of deep
 peat, one county in the Kankakee, valley 0.83%o, while three counties
 of northeastern Illinois contain 4.67%7. Even in southern Michigan,
 far within the boundary of the Wisconsin deposits, only the deeper
 lakes are bordered by tamarack bogs. This lack of hydrophytic boreal
 relics toward the southwestern angle of the Wisconsin glaciation is

 best explained by the assumption of the xerothermic period, as already
 noted, during which hydrophytic habitats were obliterated toward the

 west, except in the deepest depressions or in 'local areas affected by
 subsurface water,89 thereby restricting the relic colonies chiefly to the
 xerophytic types.

 EARLY MIGRATION OF THE PRAIRIE FLORA.-An advance of the
 prairie vegetation toward the east and northeast followed immediately

 behind the coniferous forests, displacing the rearguard of the forest
 by successional processes. There is now no place in the Middle West
 where grassland is succeeding forest, and it becomes difficult to picture
 the detailed steps by which such succession proceeded. In bogs, as
 the climate grew warmer, and the ingress of water was reduced with
 increasing distance from melting ice, the gradual drying may have
 inhibited the growth of seedlings and permitted the entrance of prairie
 species. This process is now seen in modified form in. southern Michi-
 gan, where partial drainage of tamarack bogs leads to the displace-
 ment of the usual bog shrubs by Dasiphora fruticosa. On uplands,
 the exposure of the marginal trees to warm and dry winds during the
 summer, with consequent injury through excessive transpiration, may

 39 Gates, F. C. A bog in central Illinois. Torreya 11: 205-211. 1911.

This content downloaded from 198.91.37.2 on Mon, 27 Jun 2016 03:10:06 UTC
All use subject to http://about.jstor.org/terms



 EARLY MIGRATION OF THE PRAIRIE FLORA 71

 have had the same effect,40 while severe winter-killing among young
 plants may have resulted from deficient snow cover.41'42. Certainly the
 fewest boreal relic colonies are now found in southern Wisconsin and

 southeastern Minnesota,43 where such atmospheric conditions, are still
 more or less in effect.* Geographically the advance of the prairies was
 favored by the slow withdrawal of the eastern ice northward and the
 rapid retreat of the western ice northeastward, thereby opening to
 invasion first Illinois and then Indiana. A slight change in the nature
 of the ice retreat might have affected the future vegetational develop-
 ment of the region very greatly.

 The distance to which the prairie vegetation migrated northward is
 not definitely known. Very likely it reached in central Michigan as
 far as the jack pine plains, which still contain numerous prairie species,
 and if this is true must have reached similar or even higher latitudes
 in Wisconsin. There is no present reason to believe that prairies, were
 developed on the north shore of Lake Erie. Deciduous forests in
 Minnesota now occupy a narrow strip between the prairie and the
 coniferous forests, and it is probable that their entrance was about
 equally at the -expense of the ;two earlier types of vegetation. If this
 is true, the prairies did not extend much beyond their present range
 in that state.

 The eastern migration of the prairie proceeded as a wedge-shaped
 extension between the coniferous vegetation at the north and the
 deciduous forests at the. south and reached limits, considerably beyond
 the eastern margin of modern continuous prairies. Numerous relic
 colonies formerly occurred, before they were destroyed by agriculture,
 in eastern Indiana., northwestem Ohio, and southern Michigan44 (see
 also Cooper's description of an oak opening in his novel of the same
 name). Vegetation closely simulating typical prairie exists along the

 Scioto River near Columbus, Ohio. Bunser45 has described a -marshy
 tract near Sandusky, Ohio, which still contains some western species,
 notably Vernorbia fasciculata. This so-called prairie has doubtless

 * Contrast maps in refereneces 37 and 42.
 40 Shimek, B. The prairies. Bull. Lab. Nat. Hist. Univ. Iowa 62: 169-240. 1911.
 41 Gates, F. C. The relation of snow cover to winter killing in Chamaedaphne

 oalyculata. Torreya 12: 257-262. 1912.

 42 Gates, P. C. Winter as a factor in the xerophily of certain evergreen ericads
 Bot. Gaz. 57: 445-489. 1914.

 43 Livingstona, B. E. A study of the relation between summer evaporation inten-
 sity and the centers of plant distribution in the United, States. Plant WoTld 14:
 205-22. 1911.

 44 Gleason, H. A. A prairie near Ann Arbor, Michigan. Rhodora 19: 163-165.
 1917.

 45 Bonser, Thomas A. Ecological study of Big Spring Prairie, Wyandot County,
 Ohio. Ohio Acad. SMi. Special Paper 7. 1903.
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 preserved its hydrophytic environment since an early period, being
 watered by springs, and consequently contains a considerable number
 of boreal species, notably Betula pumila. Opuntia hurnifusa- occurs
 near the same place. Species of distinctly western affinities do not
 occur on Presque Isle., near Erie, Pennsylvania,46 and the abundant
 development of boreal species and the typically Alleghenian aspect
 of the flora in northeastern Ohio make it reasonably certain that
 extensive prairies were not developed east of Cleveland.

 The unglaciated areas of southern Ohio, Indiana, and Illinois, and
 the Ozark region of southern Missouri are now populated with a, forest

 flora that presents indications of great antiquity, and in their greater
 topographical relief offer better opportunities for forest species to
 endure unfavorable atmospheric conditions,. It seems reasonably cer-
 tain that the prairies did not encroach on this area at. any time. ProbW
 ably the southern boundary of the glaciated area marked the division
 between forest and prairie, and probably forest belts followed even

 then the 'courses of the rivers northward well into the prairie region.
 The forest belts! of the Mississippi may have been derived from the
 southern species of the Mississippi embayment; at the present time
 several of them follow the course of this river northward, such as
 Gleditsia aquatics and Hicoria Pecan. No evidence is: now at hand
 concerning the possible extent of the prairie into the Ozark region
 of southwestern Missouri and northwestern Arkansas. What rela-
 tion the xerothermic period may have had to the barrens of Tennessee,
 the prairie belt of central Alabama, the prairies of eastern Arkansas,
 and the coastal prairies of Louisiana must be left to the deductions
 of observers who have, had personal experience with the vegetation of
 these areas.

 In further support of the idea of a xerothermic period, it need only
 be recalled that the discontinuous distribution of such plants as Opuntia,
 fragtlis and 0. 7umifusa, Sporobolus heterolepis, Oristatella Jamesii,
 and Gallirrhoe triangulata can be adequately explained only by'assum-
 ing a former period of climate sufficiently drier than the present to
 permit their continuous migration. This, with the existence of relic
 prairie colonies at the east and the prevailingly xerophytic nature of
 the relic boreal colonies at the west, seems to be sufficient evidence
 of the actuality of a. post-Wisconsin xerothermic period.

 46 Jennings, Otto E. A botanical survey of Presque Isle, Erie County, Pennsyl-
 vania. Annals Carnegib Mus. 5: 289-421. 19109.
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 EARLY MIGRATIONS OF THE DECIDUOUS FORESTS 73

 The eastward advance of the prairies was either accompanied for

 followed by some specific evolution among the species, participating,
 as indicated by such plants as Phymosia remota,47 Synthyris Buliji, and
 Tetramneuris herbacea. These plants are now confined to the eastern
 arm of the Prairie Province, but in each case have their nearest related

 species much farther west.

 There is no reason to suppose that the xerothermic period came to

 a sudden close, which would require an equally sudden geological
 event in explanation. In fact., it may have been most pronounced

 during the Wisconsin glaciation and diminished in intensity ever since,

 but not sufficiently to check the rapid advance of the prairies behind
 the retreating coniferous forests.. Neither can the time of maximum
 advance of the prairies be correlated at present, with the postglacial
 stages of the Great Lakes.

 EARLY M11IGRATIONS OF THE DECIDUOUS FORESTS.-At some time an

 amelioration of the climate began. This change was probably less
 connected with temperature, which has doubtless changed but little in

 our area since the Wisconsin glaciation, than with rainfall and atmos-
 pheric humidity. The total rainfall probably increased considerably,
 but the increase fell chiefly during the winter months and changed
 the climate from one of summer rains, such as is now characteristic
 of the prairies farther west, to one of fairly equable rainfall. This
 change first made itself felt, in the east and gradually progressed
 toward the west,. At 1the present time, each hundred miles west of
 the Wabash River along the fortieth parallel shows a marked diminu-
 tion in winter rainfall.

 The effect of this climatic change was the retardation and eventual
 cessation of the old successional relation between coniferous forest
 and prairie, soon followed by a break in the equilibrium along the

 southern and eastern margins of the prairies, leading to an advance
 of the deciduous forests northward and westward.

 Two general routes were followed in this forest migration, a north-
 ward and westward route from the forests along the southern edge of
 the prairies, and a northward and then northwestward route from those
 lying east of the easternmost extension of the prairies. Many species
 were common to, both regions and participated in both migrations;
 others were localized and show by their present distribution that they
 entered the Middle West by only one of these routes. Both tookplace
 simultaneously, and in some places both migrations eventually met,

 47 Clute, W. N. The rarest American Plant. Amer. Botanist 26: 127-129. 1920.
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 so that races of similar ultimate ancestry but of different recent history
 are again growing together.

 The Southern Migration.-The southern migration was participated
 in chiefly by oaks and hickories of the drier uplands, and by oaks,

 elms, ashes, walnuts, maples, hackberry, cottonwood, honey locust,
 coffee tree, buckeye, and sycamore of the lowlands. Foll6wing as
 closely behind the prairies as environmental change would permit,
 these plants established two successional series, a xerarch series on
 the uplands, leading to the establishment of an oak-hickory forest, and
 a hydrarch series along the stream valleys, leading to the develop-
 ment of marginal belts of hydrophytic or mesophytic forest. The
 hydrarch series migrated more rapidly up the stream courses, since
 the species concerned could take advantage of local conditions of favor-
 able moisture, while the xerarch series found its most favorable route
 along the broken topography of the river bluffs, between the prairies
 above and the hydrarch forests below. The two types of forest thus
 advanced upon the prairies together along the river courses leading
 southward into the Ohio valley and eastward into the Mississippi, and
 the present outposts of this migration are still to be seen in Kansas,
 Nebraska, the Dakotas, 'and Manitoba on. the west and in Michigan
 and Wisconsin on the north.

 Some of the mesophytes were left far behind in this advance, and
 the beech, sugar maple, tulip tree, and basswood are not particularly
 important members of the climax forest or even totally absent from
 Illinois west. In such cases a temporary climax developed in ravines
 and on floodplains and was composed chiefly of a selection of species
 persisting from the earlier successional stages. The slower trees have
 been migrating, nevertheless, and with the greater success the farther
 east. Beech is common in the Ohio valley: it has scarcely moved up
 the Mississippi, but has followed the Wabash well into Indiana, and
 the Miami, Muskingum, and Scioto until Ohio is occupied by it com-
 pletely. There is reason to believe4 that large areas of forest were
 developed on the uplands in which the most mesophytic tree was the
 red oak, Quercws rubra.

 The Northern Migration.-The northern migration proceeded from
 the deciduous forests which had had a glacial center of preservation
 in the Allegheny Mountains from Pennsylvania southward. These
 species, now constituting the well known Alleghenian element in the
 flora of New York and New England, have been during and since the

 48 Gleason, H. A. An isolated prairie grove and its phytogeographieal significance.
 Bot. Gaz. 53: 38-49. 1912.
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 glacial period more or less mixed with boreal elements, and this condi-
 tion has been increased by their postglacial migration into a country
 from which the coniferous forests were retreating and leaving numer-
 ous relies behind, without an intervening prairie stage. Moving slowly
 northward behind the glaciers, which occupied the Ontario basin long
 after migration routes farther west were open, a portion of the species
 concerned finally turned to the west and northwest and entered Michi-
 gan, Wisconsin, and Minnesota, while others, such as Quercus Prinus,
 moved scarcely west of the Appalachian region.

 It has not been possible so far to form an opinion as to the par-
 ticular postglacial stage of the Great Lakes when this westward turn
 took place. It may have been in a narrow strip between the prairies
 and the coniferous forests, following the former to the north and
 broadening out only after reaching relatively high latitudes, in which
 case it could have occurred at an early postglacial stage, or it may be
 a more recent movement, even as late as the Nipissing stage, in which
 case it might have passed to the north of Lake Erie and entered
 Michigan by crossing the Detroit and St. Mary's rivers.

 The Combined Effects.-The two, migrations together may be com-
 pared to, a vast U, with its base in the southern Alleghenies,, one side
 extending as far west as the Ozarks, and the other passing northwest
 to Minnesota. The northern migrants have shown little tendency to
 move southward, especially toward the western part of their route,
 while the southern ones have moved steadily northward until their
 outposts have entered the area. of the northern arm. in Michigan and
 Wisconsin, where oak, sassafras, and sycamore occur in the same area
 with sugar maple, beech, and white pine. The 'base of the U has
 gradually closed over Ohio and part of Indiana, chiefly through immi-
 gration from the south. As. a result there is little difference between
 the forests of southern Michigan and those of any part of glaciated
 Indiana. The valley of the Grand River in central Michigan is a
 well marked division line between forests, of the two types, according
 to observations of B. E. Quick, and above it the deciduous forests are
 derived mostly from the northern migration.

 Migration and Evolution.-The forest migration was accompanied
 by specific evolution also, and -various species have been described from
 the forest region of the Middle West. In most cases their probable
 evolution is in doubt, from lack of careful study, but Dr. F. W. Pennell
 has kindly supplied certain cases* among the Scrophulariaceae in which
 the ancestry of the species or varieties seems reasonably certain. Thus
 Agalinis paupercuhla of the glaciated region is considered as derived
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 from A. purpurea; Aureolaria Pedicularia (L.) Raf. (Dasystinma
 Pedicularia) has given rise, to the, variety acmbigens (Fernald) of the

 Middle West. In other cases,, the parent species, existing through the
 glacial period south of the ice margin, has followed both routes of
 migration and in so doing has become segregated into a pair of closely
 related forms, one of which took the southern route leading northward

 from the Ohio valley a-nd the other the northern route! along the Alle-
 ghenies and the Great Lakes. . Thus Trillium nivale, T. declinaturn,,
 and Cynoglossum virginianurn of the southern portion of the: Middle
 West are! paired with Trillium undulaturn, T. cernuumn, and 0. boreale
 respectively of the northern portion.

 Changes in the. prairie flora took place at the same time. Distinctly
 western species withdrew entirely from the eastern extension or, like
 Cristatella, Jamesii and others already mentioned, left relics, behind in
 especially favorable xerophytic habitats. Relic colonies, were isolated
 throughout the region, many of which still persist. These were sub-
 ject to slow but persistent succession by the forests; many must have
 been obliterated, while others were greatly reduced in size.

 Prairie and Boreal Relics.-The nature and location of these prairie
 relics and of the. boreal relics, in the same area may yet give a clue
 for the better understanding of the period and route of the northern
 migration of deciduous forests. There is in general a great difference
 in environment between forested, and unforested habitats, such as a
 prairie and either a coniferous or a deciduous forest. Differences also
 exist between the two types of forest, but these are of less importance
 and to many species, of little significance. Boreal relics, therefore,
 have not commonly persisted in the prairie, but remained in definite

 colonies. Similarly, prairie relics, have been confined largely to colonies
 and have not persisted as scattered plants within the invading deciduous
 forests.49 So, wherever the deciduous forests have succeeded the coni-

 ferous forests directly, numerous boreal species. persisting to the present
 time bear evidence of the fact. These are of common occurrence in

 southeastern -Michigan and indicate that the prairies were not uni-

 versal there, but a-re rare or lacking in Illinois, and Indiana, showing
 that the coniferous forests had disappeared before the advent of the
 deciduous tre-es from the! south. Relic colonies,, as has been pointed

 out before, remain in habitats not necessarily favorable to themselves,
 but unfavorable to the invaders,. Consequently, prairie and boreal
 relics sometimes occupy the same station, into which they have been

 49 Vestal, Arthur G. Local inclusions of prairie within forest. Trians. illinodis
 Acad. SCi. 11: 122-126. 1918.
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 forced by the invasion of the, deciduous forests. Such conditions are
 visible at the Dells of the Wisconsin, the dunes at the head of Lake
 Michigan, and in various places in southern and southwestern Michi-

 gan. The conclusion from both conditions is that in the western and

 central part of our area successions between the coniferous forests and

 the prairie were mostly completed before the arrival of deciduous trees,
 while toward the east the deciduous forests, arrived before the prairies
 or during their advance upon the boreal associations.

 DEVELOPMENT OF THE PRAIRIE-GRASS FORMATION. The prairie flora

 also changed considerably during this advance of the deciduous forests.

 Scores of species, which had been inhabitants of sand dunes, rocky soil
 and barrens, or the more xerophytic upland woods. migrated faster than
 the trees and became firmly established in the prairie associations. The
 only restrictions on this movement were that the plants should be herbs,
 dying to the ground every year and thereby escaping the effect of the

 arid xerothermic winter, and adapted to compete for space with grasses,
 which were the dominant plants of the prairies. Among these emigrants
 were numerous southeastern grasses, which, having the same vegetative
 form, ningled easily with the western species and became dominant
 with them.

 As the xerothermic period finally drew to a close, the western species
 were at a disadvantage. They were unable to withstand a. large increase
 in moisture, while the species of eastern derivation could exist with a
 much greater rainfall. The latter accordingly became more and more
 abundant, until they practically dominated the prairies. In fact, the
 four most important grasses of the Illinois, prairies Andropogon, fusrca-
 tus, A. seoparius, Sorghastrumn nutavns, and Spartina Micha uiana, are
 all of eastern origin. The western species became reduced in number of
 individuals or restricted to extreme habitats where edaphic conditions
 compensated for the increased rainfall.

 Here we have the origin of the flora of the eastern arm of the Prairie
 Province, early recognized by Pound and Clements as distinct from that
 of the western plains, and designated by them the prairie-grass forma-
 tion. Just as the original western prairies were segregated from the
 arctotertiary forests by climatic differentiation, so the xe'rothermic
 period produced an analogous vegetation thousands of years later from

 the same stock. In the later case, however, the process! was one of select-
 ive migration, rather than of extermination and evolution, and most of
 the southeastern species now characteristic of the prairie-grass formation
 still live also in the forested region of the southeastern states. Never-
 theless, the movement was doubtless accompanied by evolution in many
 instances: Asclepias Meadii, a typically prairie species, seems to be

This content downloaded from 198.91.37.2 on Mon, 27 Jun 2016 03:10:06 UTC
All use subject to http://about.jstor.org/terms



 78 HI. A. GLEASON-VEGETATIONAL HISTORY OF MIDDLE WEST

 a derivative of Asclepias asmplexicaulis of a more eastern range; a vari-

 etal evolution from Agatlnis tenwifolia, illustrates the same geograph-
 ical relation, according to Dr. F. W. Pennell, and other similar cases
 might be cited.

 The numerous ponds of the eastern arm of the Prairie Province were
 also formed at this time, in response to increasing rainfall in a region
 physiographically immature. They were of necessity colonized almost
 completely by species of southeastern origin, since true hydrophytes

 were not found in the western vegetation.

 EXTENT OF FoREST MIGRATION IN THE PREHISTORIC PERIOD. The
 northern arm of the forest advance lay chiefly or wholly in a region not
 r 'ached by the prairies. There is no reason to believe that it has
 suffered any retardation to the present time, except as caused within
 the past century by commercial developments in lumbering and agri-
 culture.

 The southern migration, on the other hand, was. quite different in
 nature, due to a less favorable climate and to the character of the vegetta-
 tion encountered. It has already been noted that it followed the water
 courses, most of which, as tributaries of the Mississippi, offer convenient
 highways leading from the center of forest preservation into the area
 of xerothermic prairies. It has also been noted that the longitudinal
 advance following the streams was more rapid than the lateral advance
 at right angles to them. The forests therefore soon assumed the form
 of long branching strips, following the rivers. from their mouths toward
 their sources. Through the slow lateral advance these strips- were

 widened and eventually became confluent across the interfluvial prairies,
 frequently isolating portions of the prairie in the process.

 The nature of the forest advance was. determined by the location of
 sufficient environmental change to permit the migration. Since the
 unfavorable environment was chiefly due to conditions of rainfall and
 atmospheric humidity, the advance followed the lines. of topographic
 relief, where some shelter was offered from the drying winds and the
 subsurface water stood at a greater height, and the water courses where
 edaphic moisture compensated for low rainfall. The rolling surface of
 the moraines offered favorable conditions for trees of the xerarch series,
 and they were soon colonized by forests of oak and hickory, reaching the
 moraines by the intersecting streams and spreading across from one
 stream valley to another. On the other hand, the wide alluvial bottom
 lands of the larger rivers, notably the Missouri, Mississippi, and Illinois,
 seem to have resisted forests invasion, and on them the forests were
 limited to relatively narrow strips along the channel and the abandoned
 oxbows, alternating with strips of prairie. This condition, recorded
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 by numerous early observers, is so unlike our modern experience with
 floodplain vegetation in the Middle West that it at once stimulates
 inquiry into the circumstances of more recent forest development.

 In a forest advance along the bluffs of a river flowing from north to
 south through a region of prevailingly westerly winds., the greatest pro-
 tection against atmospheric conditions will be found on the western lee
 side of the river, rather than on the windward eastern side. Actual
 conditions throughout the Middle West, however, show an unexpected
 distribution, in that by far the. largest areas of forest were originally
 found on the eastern side of such streams. This has been'discussed in
 an earlier article,50 in which the explanation was offered that the irregu-
 lar distribution is due to prairie fires, which, driven before a westerly
 wind, have gradually destroyed much of the forests on the western side
 but have had little effect on those to the east of the stream. The period
 of great forest migration must therefore have closed with the advent of
 the Indian and the prairie fire.

 The extent of forest advance before that time can only be approxi-
 mated by a study of the present distribution of morainal forests and of
 the relative amounts on different sides of streams. Planimeter measure-
 ments have been made of maps showing forest distribution in two parts
 of Iowa and in three counties in Illinois, aid have given results of
 remarkable but not necessarily significant uniformity. In Shimek's5'

 map of the Lake Okoboji region, Iowa, 26.57o only of the forests are
 on the west side of the lakes, and 73.5% on the east side. McGee's29
 map of northeastern Iowa shows for the Wapsipinicon River 27.9%o on
 the west and 72.1%o on the east, and for the Cedar River 29.7%o on the
 west and 70.3%o on the east. Tracings of the original land surveys
 of Champaign, Piatt, and Moultrie Counties, Illinois, show forests on

 the west side of the streams amounting to! 31%o, 31.6%o, and 29.8%o, and
 on the east side 67.3%o, 67.4%o, and 70.2%o respectively. In Champaign
 County 1.7%o and in Piatt County 1% of the forest area is in isolated
 groves apart from any' river system. If we may assume that forest was
 originally developed equally on both sides of the streams., the total area
 would be increased by amounts ranging from 36%o of the present area
 in Piatt County to 44%o along the Wapsipinicon River. The lakes of
 the Okoboji region would have additional forest on the west side amount-
 ing to 47%o of the present total, and if'they were carried completely
 around the lakes the increase. would be still greater.

 50 Gleason, H., A. The relation of forest distribution and prairie fires in the
 Middle West. Torreya 13: 173-181. 1913.

 51 ShImek, B.. The plant geography of the Lake Okoboji region. BluJ1. State Univ.
 Iowa. Bulletins from the laboratories of natural history 72. 1915.
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 The extent of migration up the streams, beyond the' present limit of
 forest can be considered with less, accuracy. The original land surveys
 frequently show small areas of forest isolated from the main body along
 the head waters of a, stream. Also, the upstream end of the forest. belts
 is regularly wide and blunt. Modern observation shows, that in the
 same area establishment of new forest is rapid as far upstream as there
 is a differentiation of upland, bluff, and floodplain. If the interruped
 belts were made continuous and were extended upstream according to
 the topography, there appears to be room in Champaign County for at
 least 28 more miles of forest belt, comprising probably 14 square miles.

 There is also evidence that the moraines, we-re forested wholly or in part
 in prehistoric time. Fragments of the forests, still persist in sheltered

 places in Champaign County, and well developed morainal forests
 occupy considerable areas, of McLean County. In Champaign County,
 about 50 square miles of land is morainal and may have been forested.

 The land survey maps, indicate 44,846 acres of forest in Champaign
 County, and this figure is apparently somewhat too small, since the
 surveyors frequently referred to trees up to two feet in diameter stand-
 ing on land designated on the map as prairie. Increasing this, amount

 by 64 square miles. makes, a. possible total of nearly 86,000 acres. of
 prehistoric forests, almost twice the present extent, and increases the
 proportion of forest, from 7.1%g to 13.5% of the total area. While the
 accuracy of this estimate can not be proved, we may safely conclude
 that the forested area was at one time greatly larger than its present
 extent through Illinois! and Iowa, and doubtless also through the prairie
 region of Wisconsin and Indiana.

 SECOND PERIOD OF PRAIRIE DOMINANCE, The advance of the forest
 would in time have given a, continuous, forest covering to the Middle
 West, except on those limited habitats where. tree growth is. impossible
 for edaphic reasons. The' forest would have extended west to the
 climatic limit of tree growth and 'tongues, would have projected beyond
 the principal area along the habitats where special environmental con-
 ditions compensated for the unfavorable climate. This advance came to
 a sudden conclusion with the arrival of -the American Indian and the
 consequent introduction of prairie fires. This stage in the! history of
 the Middle West has been discussed in an earlier paper" and needs
 only brief recapitulation here.

 Prairie fires were set annually by the Indians in the autumn montbs
 to drive game from the open prairies into the forest, where it was more
 easily stalked. Sweeping eastward before the prevailingly westerly
 winds of that season, the fires destroyed seedling trees at the west margin
 of the forest, preventing further advance in that direction. It is doubt-
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 ful if they penetrated far into the, forestb, but by destroying the under-

 growth and killing the more susceptible species, they gradually reduced
 the forest to the open parklike condition known as oak openings. Here
 the herbaceous vegetation was composed largely of prairie grassess, which
 furnished additional material for fires and led to the annual extension
 of the prairie through the eventual death of the remaining trees. The
 forest was thus slowly pushed back to the river bluffs, where the greater
 topographic diversity favored its persistence, or, where the bluffs were
 low and with gradual slopes, was, completely destroyed on the west side
 of the streams. Fires, even crossed the smaller streams, attacked the
 forests of the! eastern side, and by burning through them isolated areas
 of forest toward the headwaters of the stream from the main body below.
 This condition is shown in several places on the original land surveys
 of central Illinois, and examination of them indicates that the separa-
 tion was always in places of low relief, leaving forests isolated where the
 bluffs were steeper or higher.

 On the eastern side of the forest, protected against fires driven by
 the prevailing winds, encroachment by the prairie was less rapid and
 doubtless in many cases negligible. It is probable that the forest
 advance was completely stopped in some places, but may have continued
 slowly in others.

 Along the moraines, which are generally characterized by a, gently
 rolling topography, the forests were destroyed completely, except in
 those few favored situations where ponds or swamps on the west side
 acted as an effective barrier to the fires.

 Another effect of prairie fires, was the production of the so-called
 barrens, areas characterized by a sparse growth of "scrub" oak
 (apparently Quercus velutina in most cases), hazel, and wild plum.
 The exact cause of the barrens is. unknown, but descriptions from early
 literature and accounts of personal observers, in Illinois, Indiana., and
 Iowa agree that these three species of plants were the principal, if not
 the only, woody species, present, and that they seldom exceeded four or
 five feet in height. They seem to represent a late stage in 'the degenera-
 tion of the forest, where seedlings were established and the, young plants
 burned to the ground frequently without completely destroying the root
 system. This developed further each year, reached a large size, and
 sent up sprouts annually which persisted a. year or two longer before the
 next fire again killed them to the ground.

 During this same period, a few new isolated groves were established
 on the prairies, but always in areas well protected from the fires,. Two
 such have been examined in Champaign County, Illinois, are mentioned
 before in this paper, and described in more detail elsewhere5". They
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 are composed exclusively of mobile species and have been in existence
 such a short time that they have not yet changed the nature of the
 prairie soil".

 SECOND PERIOD OF FOREST ADVANCE.-Settlement of the forested
 regions of the Middle West began about the opening of the nineteenth
 century, progressed steadily westward, and reached the Missouri River
 in fifty years. Actual settlement of the prairies was long avoided, vast
 areas were still untouched at the time of the Civil War, and prairie
 firess did not cease being a menace in parts of Illinois until 1860 and in
 Iowa until somewhat later. As soon as fires ceased, the advance of the
 forest was renewed, and at a rate probably more rapid than the original,
 since considerable improvement of climate may have taken place since
 the first advance was stopped by fires.

 Early literature contains many accounts of this spread of the forested
 area, which was. rapid enough to attract the attention of travellers. It
 seems to have progressed in several different ways. The lateral advance
 of the forest at right angles to the streams and the longitudinal advance
 along the streams continued as. before. Willows, cottonwoods, and some
 hydrophytic shrubs moved rapidly up the rivers and creeks, and were
 followed by elms, maples, and ashes. Thirty years after the first prairie
 settlements were made in Macon and Moultrie counties Illinois, these
 fringing forests had extended one or twon miles up the smaller streams.
 Isolated colonies of mobile species, especially willow, Salix humilis, and
 wild plum, Pruanus acmericana, were established well out on the prairie,
 grew into thickets, and frequently received further additions of forest
 species, carried in by the birds which visited them or by wind. Large
 areas of barrens. were converted into forest as by magic, when the fires
 that had maintained them were stopped and the oak sprouts became
 trees.

 The total afforestation during this. period was considerable and in some
 cases almost unbelievable, and may best be indicated by a, few examples.
 Thus the driftless area, of northwestern Illinois and southwestern
 Wisconsin, which now gives. the impression of having been heavily
 forested, was, 80-90%o praairie a century ago,53 and was described by
 Keating54 as presenting "the waved appearance of a somewhat ruffled

 52 Hopkins, C. G., J. G. Mosier, E. Van Alstine, & F. W. Garrett. Champaign
 County soils. Ill. Agr. Exp. Sta. Sail Report 18. 1918.

 53 Sehoekel, Bernard H. History of development of Jo Daviess County. Illinois
 State Geol. Surv. Bull. 26. 1916.

 54Keating, William H. Narrative of an expedition to the source of St. Peter's
 River . . . performed in the year 1823 .. . under the command of Stephen, H. Long.
 Philadelphia, 1824.
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 ocean; it is covered with a dry short grass," while the higher knobs,
 now concealed by the forest, rose from the midst of the prairie and
 were visible thirty miles. A little later we find farmers near St. Louis
 complaining that the rapid growth of trees had seriously restricted
 the natural pastures.55 The Mississippi and Illinois rivers at that
 time had long strips of prairie in their floodplains, which are now
 completely forested, except where under cultivation. The dune region
 at the head of Lake Michigan, which is now well forested with oak, was
 then "treeless, except for a few stunted pines." Forested areas in
 Indiana were developed, within the memory of men now living, from
 barrens over which a man on horseback had been visible for six miles
 (personal communication from Mr. C. C. Deam). The rapid develop-
 ment of forests on the sand dunes of the Illinois River has been noted
 elsewhere.56

 .This great forest advance of the nineteenth century proceeded by
 ordinary successional processes and affected hundreds of square miles.
 It ceased only with the complete occupation of the prairie land for agri-

 culture. Since then, that is, during the last 50 years, forest succession
 has been limited to sand dunes, roadsides, and railway lines. Every
 roadside in the Middle West is a potential forest and would speedily
 become so in fact except for constant effort in keeping the thickets and
 young trees cut down.

 COASTAL FLORA OF THE GREAT LAKES.- The extensive sandy beaches
 of the Great Lakes. are characterized by a number of species which do
 not occur or are rare elsewhere in. the Middle West. The geographical
 origin of many of these species is indicated by their distribution else-
 where or by the range of their nearest relatives. Thus Iris lacustris
 is closely related to Iris cnrstata,; Solidtgo. Houghtonii to S. Riddellii
 and S. ohioemsis, and both were probably derived by immigration from
 the south, accompanied by specific evolution. Cirsium Pitcheri may
 have a similar origin. Corispermum hyssopifoliumr, for similar reasons,
 appears to, have entered the region from the west. Besides these, there
 is a considerable group of species which are distributed along the
 northern shores of the Atlantic, sometimes in Europe as well as Amer-
 ica, are not ordinarily found inland, but appear along the shore of
 the Great Lakes. This group includes Ammophila arenwia, Elymus
 aremtrius, Jwncus bafticus, Halerpestes Cymbalaria, Cakile edentula,
 Prunus pumila, Lathyrus maritimus, Chamaesyce polygonifolia, Hud-

 55 Peck, J. M. A gazetteer of Illinois. Philadelphia, 1837.
 56 Gleason, H. A. The vegetation of the inland sand deposits of Illinois. Bull.

 Illinois State Lab. Nat. Hist. 9: 21-174. 1910.
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 sonia tomenftosa, and Tanaceturn huronense. Two other species, Satix
 syrticolla and Solidago Gillmani, are endemic to the Great Lakes, but
 the distribution of their nearest relatives indicates that they are of the
 same ultimate geographical origin.

 The most plausible explanation for the occurrence of these species so
 far inland from their maritime range is that they migrated along the
 shores of the Champlain Sea during the Algonkian or Nipissing stages
 of the Great Lakes, and entered the lake region along the Kirkfield or
 North B~a-y outlets.33 This explanation agrees with the present center
 of abundance of the lake, shore species near the north end of Lake Huron
 and, since the ice fields were not far away during this period, with their
 prevailingly northern maritime distribution.*

 SUMMARY OF PART IV AND CONCLUSION.- 1. The principal vegeta-
 tional and floristic elements of the Middle West were differentiated
 during the Tertiary Period and have continuously maintained their
 present relative position.

 2. Each glacial advance has induced extensive. migrations toward the
 south and west, but in them the coniferous and arctic fioras have been
 greatly narrowed and the deciduous forests have lived uninterruptedly
 in the Ohio valley.

 3. Extensive readjustments, of distribution have taken place in each
 interglacial stage. During the Sangamon, most or all of the Middle
 West was probably occupied by deciduous forests.

 4. Climate in the Middle West beyond the Wisconsin glaciation was
 semi-arid during the time, of maximum ice advance, thereby restricting
 the boreal floras greatly toward the west.

 5. A xerothermic period followed the retreat, of the Wisconsin ice,
 and caused the eastward migration of prairies as far as Ohio, succeed-
 ing the coniferous forests as the latter migrated north.

 6. A gradual increase in rainfall was, accompanied by a westward
 migration of deciduous, forests. This was composed of two elements,
 one moving from the Ohio valley and one from the Allegheny Moun-
 tains. At the close of this period, forests occupied a much greater
 proportion of the Middle West than at present.

 7. With the arrival of the Indian and prairie fires, prairies again
 began to encroach on the! forests and reduced the forested area to its
 condition at the beginning of the last century.

 8. During the nineteenth century extensive afforestation took place,
 continuing until the land was placed under cultivation.

 * Sinee this paper went to press, D. C. Peattie has discussed this subject in
 more detail in Rhodora 24: 57-70, 80-88. 1922.
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 SUMMARY AND CONCLUSION 85

 The writer has no; doubt that further study of the problem of glacial
 and postglacial vegetational history, based ton additional facts of modern
 distribution, on better knowledge of plant migration and the ecological
 requirements of species, and on new evidence from fossils, and carried
 on by investigators with different viewpoints and different personal
 experiences, will lead to many important modifications of the outline
 here presented. The field is large, almost untouched, and of com-
 pelling interest, and it is hoped that it will attract the attention of
 students not only in the region here discussed, but elsewhere through
 the country as well.
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